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To MAJOR D. R. CAMERON, R. A. 


Hf, M. North American Boundary Commissioner :-— 


Sir,—I have the honour to present herewith, my final Report of 
work in connection with H. M. North American Boundary Commission. 
In undertaking single-handed the care of Natural History work in con- 
nection with the Boundary Commission, it was obvious that in attempting 
too much it might happen that nothing should be well done. I therefore 
decided to give the first place to geology; and in that field to endeavour 
to work out as far as possible the structure of the country, and to make 
illustrative collections of rocks and fossils, rather than to amass large 
local collections, at the expense of general information. Such time as 
could be spared from the geological investigations, has been devoted to 
collection and work in other departments ; and in this Report the results 
are presented, elaborated in so far as the time at my disposal would allow, 
and supplemented also by several valuable notices of the collections in 
special departments, by gentlemen whose names are elsewhere stated. 

The field work, in extent, has directly covered a region, stretching 
from the Lake of the Woods on the east, to the Rocky Mountains on the 
west, and lying in the vicinity of the forty-ninth parallel, which here 
forms the International Boundary. In time it has extended over two 
seasons, those of 1873-74. Owing to the vastness of the region covered 
by the operations of the survey, much of the period actually spent in the 
field has been necessarily employed in more or less arduous, and often 


almost continuous travel. 





To yourself I am under great obligations for the facilities readily 
S granted for work in the department entrusted to me, and for the interest 


i. 
} 


, by you have taken in its progress. To all the officers of the Commission [ 





“5 
re : : | 
rit! 
iv PREFATORY NOTE. . pp ae 


must tender my most cordial acknowledgments for their general 

co-operation, and it should be mentioned specially that to the indefatigable _ 
assistance of Drs. Burgess and Millman—tirst and second Medical officers 

to the Commission respectively—are due many of the most interesting © 


plants enumerated in Appendix F. 


In arranging the information accumulated for publication, I have 
discarded the form of diary or journal often adopted, and by so doing 
have been able not only to group the facts under certain general headings 
but by avoiding repetition and useless details, very materially to condense 
the matter. At the same time, in the arrangement adopted, it has — 
become necessary sometimes to pass more than once over the same region, 


in treating of different formations, or classes of facts. 


The main geological result arrived at is the examination and descrip- 
tion of a section over 800 miles in length, across the central region of 
the continent, on a parallel of latitude which has heretofore been geologi- 
cally touched upon at a few points only, and in the vicinity of which a 
space of over 300 miles in longititude has—till the operations of the 
present expedition—remained even geographically unknown. 

In working up the geological material, I have found it necessary to 
make myself familiar with the geological literature, not only of the 
interior region’ of British America, but with that of the western portion 
of the United States to the south, where extensive and accurate geological 
surveys have been carried on. It has been my aim to make the region 
near the boundary line as much as possible a link of connection between 
the more or less isolated previous surveys, and to collect by quotation or 
reference, the facts bearing on it from either side. In this way it has 
been attempted to make the forty-ninth parallel a geological base-line 
with which future investigations may be connected. The matter contained 
in the special preliminary report on the Lignite Tertiary formation, 
published last year, has in this final report been included, in so far as 


necessary to complete the general section on the line. 












PREFATORY NOTE. \ 


The topography of the general map is in the main from that lately 


published by the Department of the Interior, which is based on that of 


| Captain Palliser, but includes also the work of the Commission Survey. 


In laying down the boundaries of formations north of the localities which 
I have myself visited, use has been made of the geological maps of Dr. 
Hector and Prof, Hind, and also of facts from Prof, Bell’s Report, printed in 
the Geological Survey Memoirs for 1873-74. In the map of the Lake of the 
Woods, Prof. Bell's Reports have again been consulted; but for the regions 
I was unable to examine, Dr. Bigsby’s map—elsewhere referred to—has 
been the chief authority. For the topography of the region near Lac 
Plat, [am indebted to Mr. A. L. Russell. The remaining uncoloured 
sketches and diagrams, with the exception of Plate xv, are copied from 
pen-and-ink sketches of my own, by the photo-engraving process of Mr. 
D. C. Dallas, Grey’s Inn Road, London. 

I am indebted to Principal Dawson for notes on fossil plants col- 
lected ; to Prof. Cope for a report on the vertebrate fossils, and to Mr. 
S. H. Scudder for a description of a part of the collection of insects: Also 
to Dr. P. P. Carpenter for the determination of the Unionidex ; to Prof. 
Macoun for his examination of the grasses, carices, &c; to Mr. G, Barns- 
ton for a list of the mosses. Dr. Hooker has also kindly undertaken the 
determination of a number of critical and difficult flowering plants. 

Dr. Elliot Coues, who accompanied the United States contingent of 
the Boundary Survey, as naturalist, is, I believe, preparing elaborate 
reports on the zoology of the region. 

Sapper Thomas Duckworth, detailed as taxidermist and collector, 


and working under. my direction for two years, proved very useful and 


zealous in his department. 


Your obedient servant, 


GEORGE M, DAWSON. 


McGill College, Montreal, July 19, 1875. 
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dary—Western boundary—Slope of the region—First prairie level—Second 
prairie level—Third prairie level—Transverse watersheds—Description of the 
southern transverse watershed—The northern transverse watershed—Areas 
drained by different river systems—Area of the plains. GENERAL OUTLINE 
OF THE GEOLOGY.—General nature of the region—Silurian series— Devonian 
series—Possible existence of Carboniferous rocks—Permian and Triassic— 
Jurassic—Cretaceous formation—Lignite ‘Tertiary formation—Authorities on 
the Geology of the region. 
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General Physical Geography. 


1. The great region of plain and prairie which occupies the whole of 
the central part of the United States and British America, where it crosses 
the forty-ninth parallel, is included in longitude between the 96th and 
114th meridians. It narrows rapidly northward, chiefly by the encroch- 
ment on it of its eastern border, and is limited to the north by the skirt 
of the coniferous forest, which nearly follows the line of the North 
Saskatchewan River. This great inland plain has an area in British 
America, between the forty-ninth and fifty-fourth parallels, of about 
295,000 square miles. 

2. Its eastern boundary is the slope of the old crystalline nucleus of 
the continent, which extends north of the River St. Lawrence and the 
Great Lakes, from Labrador to the Lake of the Woods, and, then turning 
suddenly at an angle of about sixty degrees to its former general direction, 
runs with a north-north-west course to the Arctic Ocean, where it is 
described as appearing along the coast-line for some four hundred miles. 
The crystalline and highly metamorphic rocks forming this axis, are 


mostly referable to the Laurentian formation; but, no doubt, include 
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directly into the Arctic Ocean, with one important exception. The 





they have been found to do where carefully examined north of 1 
Lawrence, and also in the Lake of the Woods district as fully show 
another part of this report. The Huronian rocks are included with 
Laurentian in their flexures, and to a great extent also partake in 
metamorphism, and even appear in some places to have rested at fi 
almost conformably upon them. ‘This eastern barrier resembles m¢ eek 

a rocky plateau, than a mountain region; there is no well-defir red a 
height of land, and the watershed follows a very sinuous direction - 
among the innumerable lakes, small and great, which cover a large po Mat 
part of its surface. Northward from the Lake of the Woods, it 4 
divides the waters flowing into Hudson’s Bay, from those draining | s 















Nelson River, carrying the accumulated waters of the Saskatchewan 
River, the Red River of the North, and innumerable smaller streams, — % 
breaks through the Laurentian barrier at the north end of Lake Winnipeg, cae 
and empties into Hudson’s Bay at York Factory. Through the same = 
gap the Churchill or English River, a not inconsiderable stream, ‘also. 
passes. The geological circumstances which have allowed the drainage 
of the plains to find this easy exit, and the age and character of the vallies 
of the Nelson and Churchill Rivers, are interesting questions still aw , 
solution. a 
3. The Rocky Mountains on the west, rise abruptly from the elevated — 
plain at their base, presenting often to the east almost perpendicular walls _ 
of rock. They are composed, not of a single upheaved ridge, but of a 
number of more or less nearly parallel ranges, which have a general direc- 
tion a little west of north, and a breadth of over sixty miles, extending - 
from the margin of the great plains to the vallies of the Columbia and — 
Kootanie Rivers. In the vicinity of the forty-ninth parallel, the geological | 
continuity of the country is as sharply broken by the line of their eastern t 
base, as its physical character; and we pass suddenly from the little 
altered or disturbed strata of Cretaceous and Tertiary age, to scarped — 
mountain sides of paleozoic rocks, metamorphosed and crumpled in a 
violent manner. Southward, the mountains have not the same abrupt — 
character on their eastern slope ; and to the north, after having culminated 
between the fifty-first and fifty-second parallels, the ranges not only become \ 
more diffuse, but decrease rapidly in height, till on the border of the 
Arctic Ocean they are represented by comparatively low hills. In 
intimate connection with this change in the character of the mountains 
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is the remarkable fact, first clearly pointed out by Dr. Hector, that the 
rivers flowing into Hudson’s Bay and the Arctic Ocean have their sources 
further back among the mountains as we proceed northward. Near the 
Boundary-line, the tributaries of the Missouri and South Saskatchewan, 
rise in the abrupt eastern vallies of the first range. The Kananaskis 
’ River, one hundred miles to the north, rises in the first longitudinal 
valley, or at the foot of the second range; Bow River from the third 
range; the North Saskatchewan from the fourth range; the Athabasca 
from the fifth, and the Peace River still further to the west. 

4. The interior region of the continent, slopes gradually eastward 
from the elevated plains lying at the base of the Rocky Mountains, to the 
foot of the Laurentian highlands; and though the inclination is more 
abrupt on approaching the mountains, it is not so much so as to attract 
special attention. Between the fifty-fourth and forty-ninth degrees of 
latitude, however, along two lines which are in a general way parallel, 
and hold a north-west and south-east course across the plains, very 
remarkable step-like rises occur. These escarpments form the eastern 
boundaries of the two higher prairie plateaus, and the most eastern of 
them overlooks the lowest prairie level, or that of the Red River Valley, 
from the west. The three prairie steppes thus defined differ much in age 
and character ; they have been impressed on the soft formations of the 
plains by the action of sub-zrial denudation, of the sea, and of former - 
great lakes, and though the precise mode of their formation is more fully 
discussed elsewhere, they deserve notice here, as being among the great | 
primary features of the country. 

5. The actual increase of elevation accounted for in the two escarp- 
ments, however, is but slight compared with that due to the uniform 
eastward slope of the plains. The direction of their greatest inclination 
is towards the north-east, and a line drawn from the intersection of the 
forty-ninth parallel and the mountains, to a point on the first prairie 
level north of Lake Winnipeg, will be found to cross the escarpments 
nearly at right angles, and to have an average slope of 5:38 feet to the 
mile. From the same initial point, in a due east line to the lowest part 
of the valley of the Red River—a distance of 750 miles—the plains have 
an average slope of 4:48 feet per mile. 

6. The first or lowest prairie level, is that of which the southern part 
lies along the Red River, and which northward embraces Lake Winnipeg 
and associated lakes, and the flat land surrounding them. A great part 


of its eastern border is conterminous with that of Lake Winnipeg, and 
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formed by the rocky front of the Laurentian; but east of the Red R ri 
it is bounded by the high-lying drift terraces surrounding the Tale ne)0F «. 
the Woods, and forming a part of the drift plateau of northern Minnes esota. 
To the west, it is limited by the more or less abrupt edge of the sec 
prairie level, forming an escarpment, which, though very regular insome _ 
places, has been broken through by the broad valleys of the Assineboir eo ‘ 
and other rivers. The escarpment, where it crosses the Line, is knoy i a 
as Pembina Mountain, and is continued northward by the Riding, Deon Bi at 
Porcupine, and Basquia Hills. The average height above the sea, of this x a a 
lowest level of the interior continental region is about 800 feet ; the lowest | 
part being that surrounding the Winnipeg group of lakes, which have : 
an elevation of about 700 feet. From this it slopes up southward, and — a 
attains its greatest elevation—960 feet—at its termination far south in ish 3 
Minnesota. The edges of this prairie level are also, notwithstanding its — a 
~ apparent horizontality, considerably more elevated than its central line oa. 
: which is followed by the Red River. Its width on the forty-ninth parallel 
is only fifty-two miles; its area, north of that line, may be estimated at 
| 55,600 square miles, of which the great system of lakes in its northern 
cw part—including Lakes Winnipeg, Manitoba, Winnipegosis, Cedar and St. 
ae’ Martin’s—occupies 13,900 miles. A great part of this prairie level is 
A. wooded more or less densely, and much of the low-lying land near the 
" great lakes appears to be swampy and liable to flood. The southern 
part, extending from the boundary line nearly to the south end of Lake 
< , Winnipeg, includes the prairie of the Red River Valley, with an area of — 
about 6,900 square miles; one of the most fertile regions, and, at the 
same time, the most accessible portion of the North-west. 
7. The superficial deposits of this stage are chiefly those of a great 
lake which occupied its area after the glacial submergence. This partof 
the interior of the continent being the last to emerge from the Arctic 
? waters, and having been covered for a long time afterward by aseaof 
, fresh water, held back either by drift deposits, or by rocky barriers, which — 
have subsequently been cut through, and which must have united all the 
y lakes now found in the region into one sheet of water, which extended : 
with narrower dimensions about two hundred miles south of the Boundary 
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; line. . 
‘ The Red and Assineboine Rivers and their tributaries have not yet % 
cut very deeply into its alluvial deposits, and its surface is level and little — 4 : 
furrowed by denudation. ae 
8. The second steppe of the plains, is bounded to the east as already — 
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- indicated, and to the west by the Missouri Coteau, or edge of the third 
prairie level. It hasa width on the forty-ninth parallel of two hundred and 
fifty miles, and on the fifty-fourth of probably about two hundred, though —, 
it cannot there be so strictly defined. Its total area is about 105,000 
square miles, and includes the whole eastern portion of the great plains 

:. properly so-called, with an approximate area of 71,300 square miles. 

, These occupy its southern and western portions, and are continuous west- 

. ward with those of the third prairie steppe. To the south, the boundaries 

of this region appear to become more indefinite, and in the southern part of 
Dakota, the three primary levels of the country so well marked north of 
the Line, are probably scarcely separable. The rivers have acted on this 
region for a much longer time than on the last, and are now found flowing 
with uniform currents in wide ditch-like vallies excavated in the soft 
material of the plains, and often depressed from one-hundred to three- 
hundred feet below the general surface. In these, the comparatively 
insignificant streams wander from side to side, in tortuous channels, 
which they only leave in times of flood. The surface of this prairie 
steppe is also more diversified than the last, being broken into gentle 
swells and undulations, partly, no doubt, by the action of denudation, and 
partly also as will appear, from the original unequal deposition by currents 
and ice, of the drift material which here constitutes the superficial form- 
ation. The average altitude of this region may be taken at 1,600 feet, 
and the character of its soil and its adaptability for agriculture, differ 
much in its different portions. | 
9. The third or highest prairie steppe, may be said to have a 
general normal altitude of about 3,000 feet, though its eastern edge is 
sometimes little over 2,000 feet, and it attains an elevation of 4,200 feet 
at the foot of the Rocky Mountains. Its area, including the high land 
lying along the base of the mountains, is about 134,400 square miles, and 
of this by far the greater part, or about 114,000 square miles, appears to 

_be almost entirely devoid of forest; the wooded region being confined toa 
small area of its northern extension near the North Saskatchewan River 
and its tributaries. Its breadth on the forty-ninth parallel is four hundred 
and sixty-five miles, and its eastern boundary is well marked, being the 
broken hilly country known as the Coteau de Missouri or Great Coteau, 
which crosses the Boundary near the 104th meridian, and thence runs 
north-westward nearly to the Elbow of the South Saskatchewan. It is 
then—according to Palliser—continued to the north by a range of high 

lands, of which the Eagle Hills west of Fort Carleton constitute a part. 
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Here, however, it becomes broken and undefined. The Thick 
Hills near the Elbow of the North Saskatchewan, and the Red Deer : 
probably form outlying portions of this plateau, and the high g 
west of the Saskatchewan, near Fort Pitt, may be its eastern limi 
that region. 
10. This portion of the great plains was the first to emerge from tl 
waters of the Tertiary, and from those of the glacial submergence, and its 
surface may have been subject to denudation through a great part of the i 
_ two later periods of the Tertiary, as well as in post-glacial pa De ss 
Those portions of it which still remain but little modified, form table 
lands, the surfaces of which, from the horizontality of the underiying' 9 
Lignite Tertiary strata, may be in many places nearly the same as those | 
of the last deposited beds. It bears some evidence, however, of having ‘a a 
been subsequently levelled by marine action. The immense denudation — 3 3 
which has taken place by rain and rivers, is evidenced by the size and — Pe 
depth of the vallies of rivers and streams, both of pre-glacial and post- 
at . glacial age, the great ravines and gullies which have been cut, and are still 
ie extending themselves among the soft sandstones and clays of these 
ee newer formations, and the isolated plateaus and buttes, which now stand ‘a 
i far out on plains of lower level, seamed with newer systems of coulées— 
ee and gorges. Deposits belonging to the glacial period, and transported 
| boulders and gravel, are found on this highest steppe, but are not spread 
ie «| with the same uniformity as on the lower levels, and a great part of the — 
surface is based almost immediately on Cretaceous or Lignite Tortie 5 
a beds, and varies in the character of its vegetation arid appearance ~ iM mA 
" accordingly. The nature of the soil and prospective agricultural value of % 
i : this great region are too varied to allow of generalization; embracing asit — 
ie does, land along the foot of the mountains of unsurpassed fertility, and " * 
also the northern extension of the Great American Desert, with its — 
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H surface of sun-baked clay or sand, scarcely supporting a thin growth of ie 
" Cactus and Stipa. ey 
11. Though thus so remarkably simple and definite in its grand — Re 
a features, the interior region of the continent shows many irregularities “4 
a and exceptions in detail. The second steppe has some elevations on its an 
2 surface as high as the edge of the third plateau, and that part surrounding 
’ the Assineboine River and its tributaries, appears to have become — 
abnormally depressed, making some portions of the eastern edge of this — 

t prairie level, which overlook Manitoba Lake, more to resemble outlyers: 
i. ‘ than integral parts of it. The third steppe, though so irregular in many 
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of its details, shows evidence in the closely corresponding heights of the 
portions now remaining of its original surface, of previous uniformity. 
The apparent indefiniteness of the three prairie levels and other features 
of the country to the north, no doubt, arises in great part, from the 
deficiency of our knowledge of that portion of the region, and it is highly 
probable that subsequent investigation will show the second and third 
steppes to be well marked in the elevated district between the 
Saskatchewan and Mackenzie Rivers. 

12. The central portion of British North America, may therefore be 
. regarded as a great shallow trough, of which the western edge is formed 
by the Rocky Mountain watershed, the eastern by that of the Laurentian 
axis, but of which the western portion of the floor is now more elevated 
than its easternrim. The age of the former of these bounding watersheds, 
with that of the greater part of the mountains themselves, probably does 
not go much further back than early Tertiary times. The latter is a 
part of the oldest watershed and axis of the continent. There are, how- 
ever, two other and transverse watersheds in the area in question, whieh, 
though apparently not marked by any great geological breaks, are of 
great importance geographically, Of these the southern, with a general 
course of east and west, follows a sinuous line, and several times crosses 
the Boundary on the forty-ninth parallel. It separates the waters of the 
Red River and Saskatchewan, which find their way through Winnipeg 
Lake to Hudson’s Bay, from those of the Mississippi and Missouri and 
their various tributaries. Commencing with an elevation of about 1,600 
feet, in that region of swamp and lake in northern Minnesota which 
feeds the variously destined head-waters of the Winnipeg, St. Lawrence, 
Mississippi and Red Rivers ; it dips southward between the tributaries of 
the latter two streams, and passes between Lake Traverse and Big Stone 
Lake, about two hundred miles south of the Line, with an elevation of 
only 960 feet. Thence, pursuing a general north-westward course along 
the high-lands formed by the southern extensions of Pembina escarpment 


and the Missouri Coteau, it finally becomes identified with the latter, and | 


crosses the Boundary-line near its intersection with the 104th meridian, 
three hundred miles west of Red River, and continues with the same 
course toward the Elbow of the South Saskatchewan. The tributaries of 
the Souris River here lie along the north-eastern base of the Coteau, while 
those of the Missouri cut deeply into the soft Lignite formation of its 
south-western side. Between these river systems it lies as a belt of 
country without determinate direction of drainage or systems of river 


| 








. five north of the line, where the watershed was again crossed, it preserves © 
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vallies, but consisting of broken tumultuous hills of drift material. 
has a width of over twenty miles on the forty-ninth parallel, anda he 
of about 2,200 feet, and is very definite; but widens when followed to th 
north-west, and becomes more diffuse, and where crossed by the old 
Trader’s Road to Woody Mountain, the tributaries of the Souris Rive 
are found rising within it, and the line of watershed leaving it and fal ng si: 
back somewhat further to the south, so that at Woody Mountain settle- : zat 
ment in longitude 106° 30’, the primary watershed lies only from fifteen — ‘i 
to twenty miles north of the forty-ninth parallel. It is necessary to oe 
specify the primary watershed, as it would appear that most of the small i Ay 
streams now running northward in this region, are intercepted by the 
mounds and ridges of drift material, and caught in saline lakes and be hs 
ponds. Many of them may, however, still find their way to the Saskat- 
chewan in seasons of flood. ' , a 
13. The watershed near Woody Mountain is a narrow flat-topped 
plateau composed of Lignite Tertiary strata, irregular in outline, but 
with a general east and west course, and furrowed on either side by the 
vallies of streams which ramify in it, and which, were denudation advan- 
ced a little further, might inosculate. The height of the water-shed is 
here about 3,200 feet. Fifty miles west of Woody Mountain, and twenty- 
























most of the characters just indicated, but has been still more extensively 
reduced by denudation, and has a height of only about 3,000 feet. West 
of this point it trends northward, and is again found in the Cyprés Hills, 
forty miles north of the Line in longitude 110° 30’, where it still appears 
to follow a ridge of Lignite Tertiary deposits, now but a scanty remnant — 
of that once extensive formation, as the streams on either side soon 
debouch on plains of Cretaceous strata, from which the Tertiary has been 
removed by their action. West of the Cyprés Hills the watershed again 
trends southward and crosses the line about thirty miles from the base of — 
the Rocky Mountains for the last time. It here separates the waters of 
the St. Mary, a tributary of the Belly River, from those of one of the 
upper branches of the Milk River, and is scarcely indicated by any 
physical feature, though so important hydrographically. The valley of — 
the tributary of the Milk River and that of the St. Mary River, are deep, 
and the streams are found crossing the Line nearly parallel in a north- 
eastward direction, the Milk River subsequently bending eastward and 
southward, and recrossing the Line twenty miles east of the Sweet-grass 
Hiills. The lower part of the watershed region between them is 
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undulating with some small lakes and swamps, while the hills are 
flat-topped and dry, and in some piaces coalesce to form a high-level 
plateau. 

14. This southern transverse watershed is throughout characterized 
by diffuseness, and is indeterminate in direction. It has, in all proba- 
bility, been outlined at first by some very gentle flexure of the strata on 
a large scale, produced during the elevation of the Cretaceous and 
Tertiary beds to their present position; but has been subsequently 
shaped by the denudation of these soft formations on all sides. Such an 
elevation would very likely be accompanied by corresponding parallel 
depressions, like it, slight in amount but extensive in area, which would 
indieate the valleys of the Saskatchewan and Missouri. The eastern 
extension of the northern of these synclinals might also account for the 
passage of the Nelson and Churchill Rivers through the otherwise 
continuous barrier of metamorphic rocks there. 

15. The Tertiary plain of the third prairie steppe must first have been 
scored by rivers flowing from west to east, and then by their numerous 
branches flowing to the north and south to the precursors of the 
Saskatchewan and Missouri. By these the strata have been gradually 
cut down and back, till an extensive table-land separated the valleys of 
the two streams. Waste still continuing, has reduced this in many 
places to a mere dividing ridge, or has almost altogether removed it. 
The quantity of material carried away has been vast, and by far the 
greater part of this denudation appears to have been accomplished 
before the glacial period. 

16. Of the second great transverse watershed but little is known. 
It separates the waters of the Saskatchewan system of rivers from those 
which pass directly into the Arctic Ocean by the Mackenzie River. 
Where crossed by the canoe route at Methy Portage, near its eastern 
junction with the Laurentian, Sir J. Richardson gives it an elevation of 
1,560 feet. According to Dr. Hector’s observations, its western end 
would appear to have an altitude of about 2,400 feet. The intermediate 
portion is probably less elevated than either of the extremities. 

17. Of the area as at first defined, extending from the Rocky Moun- 
tains to the base of the Laurentian country, and lying between the 
fifty-fourth and forty-ninth parallels, the great Saskatchewan River and 
its tributaries drains by far the largest part, av area of about 139,000 
square miles. The Red River and its great tributary the Assineboine, 
drain 70,500 square miles; the vallies of numerous small streams flow- 
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ing into the Winnipeg group of lakes, including the area of the lakes 
themselves, cover 52,800 square miles. The head waters of the Missouri, 
and especially of its tributary the Milk River, drain a considerable area 
to the south, embracing about 22,800 square miles; while the Athabasca 
and North Pembina Rivers, flowing into the Mackenzie, drain an area of 
only about 10,000 square miles in the north-western corner of the region. 

18. The total area of prairie country within the same limits, including 
that of all three prairie levels, may be estimated at 192,900 square miles. 
Though much of this vast region is not absolutely treeless like its south- 
western part, its aggregate tree-clad area is quite insignificant as com- 
pared with that of its open plains. North of the fifty-fourth parallel, 
the area of the prairie region is inconsiderable, and has not yet been so 
well defined as to render any estimate possible. 


General Outline of the Geology. 


19. After the Huronian period, the geography of which cannot yet 
be defined, the succeeding formations of the western prairie region seem 
to have accumulated on a great submarine plateau, stretching westward 
from the base of the Laurentian and Huronian range, and probably con- 
tinuous with an ocean occupying the present position of the Pacific. The 
region now occupied by the western mountain ranges, was at different 
times outlined by areas of shoals and sand-banks, but true marine lime- 
stones were formed over it at several epochs. Atleast as early as the close 
of the Cretaceous period, the elevation of mountain ranges appears to 
have begun; and from this time, the formations accumulating between 
them and the Laurentian and palaeozoic barriers to the east, were those 
of a great interior continental basin. These waters, at first in free 
communication with the sea to the south and north, were soon, by the 
gradually increasing elevation of the continent, cut off from it more or 
less completely ; and, after a period of transition, became a great fresh- 
water lake or series of lakes. At the close of the Lignite Tertiary 
formation—generally attributed to the Eocene period—the elevation of 
the Rocky Mountain ranges was resumed with renewed vigour, and in 
lakes of constantly decreasing size, the sands and clays of the later 
Tertiaries were deposited. These include, in great abundance, the 
remains of the numerous land animals which inhabited the then extensive 
area of the continent; but are not yet known to occur north of the forty- 
ninth parallel, The Cretaceous and Tertiary rocks lying along the base 
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of the mountains followed them in their elevation, and thus, at a very 
late stage in the history of the continent, the great region of the plains 
acquired its eastward slope. In the vicinity of the forty-ninth parallel, 
these rocks have been raised almost horizontally to a height of over 
4,000 feet above the sea; to the south their elevation is even greater, 
while northward the plateau which they form falls gradually. 
It is interesting to observe that while the Cretaceous and Tertiary beds 
of the interior, have thus been raised en masse by the slow exercise of 
immense force, their broken remnants on the west coast have scarcely 
been elevated above the level of the Pacific. 


20. The details of the Laurentian and Huronian rocks receiving — 


more extended notice in subsequent pages, these need not be mentioned 
in this preliminary sketch. On their western flanks, and resting directly 
on their contorted and denuded edges, limestones of Lower Silurian age 
appear. They have been deposited tranquilly around the Laurentian 
shores, and in general still rest almost horizontally upon them, though 
they have been described as occurring much disturbed at one locality on 
the southern shore of Lake Winnipeg. Upper Silurian rocks are not 
certainly known to exist in place, though limestones of this age probably 
remain concealed by drift and alluvial deposits, and may even at one 
time have overlapped a great part of the Laurentian plateau, and have 
been continuous with those which appear to underlie the whole flat margin 
of Hudson’s Bay on the north-western side of the same Laurentian region. 
The best known exposure of the Lower Silurian limestones is near the 
Stone Fort, on the Red River, twenty miles south of Lake Winnipeg. 
It was examined as long ago as 1848 by Dr. Owen, then engaged in a 
Geological Survey of the Northern Territories of the United States. He 
concisely describes the limestone as “of a light buff colour, sometimes 
mottled, spotted, or banded, with light brown,” and in his report gives 
the most extensive list of the fossils yet made, and figures some of them. 
The list includes seventeen forms, but—unless some mistakes in the refer- 
ence of these has occurred—shows a rather mixed fauna, but one which, 
according to Dr. Owen, agrees with that of the lower beds of the Upper 
Magnesian limestone of Wisconsin, and may therefore be taken as repre- 
senting the Trenton. 

Dr. Hector also gives a short list of fossils collected at the same place, 
in his report. 


The limestone is highly magnesian, and afforded Dr. Shumard, who 
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Re made analyses of two samples, 40-5 and 17'8 per cent. respectiv sly ¢ 
magnesic ala ** Wi 











eye and Shier divisions of the Lower Silurian, and the operatibagll of 
Canadian Geological BUrrey lately extended to ous negiOn, will no do 







ment is as follows in descending order: + 






Hudson R. Maquoketa Shales. 
Galena Limestone,—(buff and blueish magnesian limestone,) 
: Trenton Limestone,—(flaggy limestone, with shale, ) : 
mr’ Chazy. St. Peter Sandstone ,—(white and friable pure quartz sand,) 125 > ae 
iS Galcttcrons. Lower Magnesian Limestone,—(light buff, some beds sand, )about 200° 
St. Croix Sandstone, —(massive white or buff coloured, shale at 





Trenton. 























base,,) over 500°") i a er 
a oF Potsdam. Potsdam Sandstone,—(hard sandstones, often red,) at haat 400 i oe 
a | 22, Fragments, known by their mineralogical character and the 


fossils which they contain, to have belonged to these Silurian limestones 
of the first prairie level, have been strewn broadcast’ over the plains 


wr « 
- 


a. almost to the Rocky Mountains, by glacial agency during the period 
* of the drift. . 
ee 23. They also, without doubt, underlie the greater part of the intaeioee 
- continental area, though completely covered by rocks of later date ; and 

; they are known to occur again in some parts of the Rocky Mountains 
ae but considerably modified in appearance and thickness. Their eastern. . 
line of outcrop follows the Laurentian, to the north, occupying a broad _ — 
belt of country to the head waters of the Mackenzie, where they appear 
to be overlapped by Devonian strata. Other smaller areas of Silurian, | 
however, appear further north along the same line of strike, and lime- 
stones probably referable to this age, again expand widely on the shore bh 
of the Arctic Ocean. , 
eee 24, Limestones very similar in appearance to those of Silurian age, 
but known to be Devonian by their included fossils, occur on Manitoba 
and St. Martin’s Lakes, and elsewhere along the western border of the 
the northern part of the first prairie level. Prof. Hind has defined by 
observations in several localities a belt of these rocks at least fifty miles 

in width. He describes them as in intimate connection with the brine — 
springs of that district, the waters of which yield an excellent quality of — 
salt on concentration. From the continuation of such saline springs to 


La 
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* Dr. D. D, Owen’s Report. + See Prof. N. H, Winchell’s Reports, &e, 
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the southward, he has deduced the direction of the outcrop of the forma- 
tion, where, from the thick covering of drift and alluvium, no natural 
exposures exist. While this method of tracing the limit of the Devonian 
beds, probably affords as near an approximation to the fact as can at pre- 
sent be made, it must be remembered that where so great a thickness of 
unconsolidated drift and alluvium intervenes, and where formations even 
of Cretaceous age may overlap these older rocks, saline waters, even 
though emanating strictly from a single series of beds, may travel far in 
the porous layers of the superficial formations before reaching the surface. 

25. The Devonian rocks already mentioned as occurring on the head 
waters of the Mackenzie near Methy Portage appear, from Sir J. Richard- 
son’s observations, to occupy a wide belt of country from that place to 
the Arctic Sea. Their eastern edges rest against the border of the 
Laurentian region, and the underlying Silurian appears only in iso- 
lated localities. The rocks consist of limestones and shales highly charged 
with bituminous matter. He obtained from them specimens of Productu, 
Spirifer, Orthis resembling O. resupinata, Terebratula reticularis, and a 
Pleurotomaria which Mr. Woodward considered Devonian.* Also a 
Pteropod “apparently Tentaculites fissurella of Hall, a Chonetes, the 
Strophomena setigera of Hall, and Avicula levis of the same author,” a 
Strombodes (Cystiphyllum?) and Favosites, like F. polymorpha. Prof. 
Meek, who has had the advantage of studying a collection of fossils from 
the Valley of the Mackenzie, made by Major R. Kennicott and some of 
the Hudson’s Bay Company’s servants, has described and figured a 
number of species, some of them for the first time, in a paper con- 
tributed to the Chicago Academy of Sciences. — He refers the 
beds from which they were obtained, and which are the same as those 
already described by Sir J. Richardson, and are very extensively 
developed, to the horizon of the Hamilton rocks and Genesee Slates. 

Prof. Meek gives the following list of forms from this very interesting 
area of the Devonian :— 

Cyathophyllum arcticum, Meek; Cystiphyllum Americanum var 
arcticum, Meek; Aulophyllum? fRichardsoni, Meek; Zaphrentis recta, 
Meek; Zaphrentis Macfarlanei, Meek; Smithia Verrilli, Meek; Combo- 
phylum multiradiatum, Meek; Palwocyclus Kirbyi, Meek; Favosites 
polymorpha, Goldfuss ; Alveolites vallorum, Meek ; Lingula minuta, Meek ; 
Strophomena demissa, Conrad; Strophomena (Strophodonta) sub-demissa, 





* Journal of a Boat Voyage through Rupert’s Land, vol. I, p. 122. 
t Trans. Chicago Acad. Sci., vol. I. 
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Hall; Orthis Macfarlanei, Meek ; Orthis Towensis ? Fall. 
dissimilis ? Hall. Two other imperfectly characterized species of 
ducta. Chonetes pusilla, Hall; Rhynchonella castanea, Meek; Pentam 
borealis, Meek; Atrypa aspera, Schlotheim; Atrypa reticularis, Lin 
Cyrtina Billingsi Meek; Cyrtina Hamiltonensis, Hall; Cyrtina panda, M Dt 
Spirifer Kennicotti, Meek; Spirifer compactus, Meek ; Spirifer (Martinic aoe 
sublineatus, Meek; Spirifer (Martinia) Richardson, Meek; Spirifer — 
(Martinia) Marintolins, Meek; Spirifer (Martinia) Franklinii, Meek; a 
Rensseleria levis, Meek ; a Pleurotomaria ; and Gyroceras Logani, Meek. (3: x" ee 
26. A more extended exploration of the -Devonian rocks of the ei 
North-west is much to be desired. Their prospective value as a salt- : a 
bearing group is great, not only in the southern part, but far to the north Cm a 
on the Mackenzie River, where Richardson describes very copious brine 
springs. Their northern extension is also everywhere associated with 
bituminous deposits, from Methy Portage to the Arctic Ocean. Sir J. 
Richardson especially mentions certain localities on the Athabasca 
River, near the position of a former trading establishment, now known as 
Ta vieux Fort de la Riviére Rouge, “a copious spring of mineral pitch 
issues from a crevice in a cliff composed of sand and bitumen. It lies 
a few hundred yards back from the river in the middle of a thick wood.” | 
Of another locality he writes : ‘The whole country for many miles is so_ 
full of bitumen, that it flows readily into a pit dug a few feet below the — 
surface,’ * and similar references abound in his Journal. Where 
bitumen exists in such abundance on the surface, there is every 
probability that flowing oil wells might be obtained without going : 
to any great depth, the bitumen being generally but the inspissated 
residue of lighter oils beneath. i 
The bituminous limestones and shales have, as already stated, been 
referred, by Prof. Meek, to the Hamilton and Genesee epochs. The “Black 
Slate” of the Western and Southern States, has been shown to be the 
equivalent there, of the latter. It “holds exactly the same position with 
relation to the Hamilton beds as the clear water and Athabasca shales” 
of the Mackenzie River region} and is very frequently connected with oil 
and brine springs. This being the case, it is highly probable that the same 
formation in the intermediate region south of Methy Portage and in Mani- — 
toba, where it is to a great extent covered by Cretaceous rocks, would, if 
properly explored, be found to yield mineral oil as well as salt. 





; . 
* Journal of a Boat Voyage, vol. L, pp. 125 and 126, + Trans, Chicago Acad, Sci., vol. L., p. 65, 
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27. The possible existence in the vicinity of the settlements of the 
Red River Valley, of beds referable to the period during which the 
deposits of coal in most parts of the world were produced, is a question of 
considerable interest, and has already attracted some attention. No 
exposures of Carboniferous rocks are known, and considering the low 
angles at which the Silurian and Devonian beds rest, and how close the 
area supposed to be occupied by the latter lies along the eastern edge of 
the Cretaceous, it is probable that the margin of the Carboniferous series is 
altogether concealed. Prof. Hind made a special search for the outcrop 
of these rocks along the base of the high-lands west of Manitoba Lake, 
which appears to be the most likely locality for their occurence; but 
unsuccessfully.* It would no doubt be possible, by boring in judiciously 
selected localities, west of the escarpment of the Cretaceous, in the Riding, 
Duck and Porcupine Hills, to penetrate that formation, and discover rocks 
of Carboniferous age; which may probably exist there at no very great 
depth. We know something of the Carboniferous formation of the 
interior continental region, however, from its development on the upper 
waters of the Mississippi, and it would appear that the search for any coal 
beds of economic value west of Iowa, is almost hopeless. The character 
of the rocks, as compared with those producing valuable coal beds further 
to the east, changes completely ; the thick shales and sandstones of the 
latter region, being represented by limestones accumulated in deep water. 
It is true that seams of coal are known as far west as Nebraska, but they 
do not exceed a few inches.in thickness, and seem to lie on the very 
margin of the coal-bearing basins of the east. This estimate of the value- 
lessness of the rocks of Carboniferous age which underlie the great plains, 
is confirmed by an examination of their representatives yet further 
west. Where again emerging to view along the slopes of the Rocky 
Mountains, they are not known either in the United States or in British 
America, to show any sign of reverting to their eastern coal-bearing 
character. This being the case, it would appear that the western prairie 
regions must depend for their supply of fossil fuel on the coals and lignites 
of the Cretaceous and Tertiary formations, there so extensively developed. 

28. Rocks of Permian or Triassic age are unknown in the interior 
region of British North America, with the probable exception of some 
beds of the Rocky Mountains, the equivalents of which south of the forty- 


*Prof. Hind figures a specimen of Producta, which Mr. Billings considered to be of Carboniferous 
type. It appears to have been derived from a boulder found near Fort Garry.—Rep. p. 187. 
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ninth parallel have been referred to these periods. They enti, 
have been removed by denudation, along the eastern margin of wees 
previous to the Cretaceous period, or may never have been der 
there; as an elevation of the oceanic plateau to a sufficient height to al 
the formation of coarse sedimentary beds on its western margin, wou ‘i 
probably lay the eastern bordering region dry for a great breadth, = 
29. The Jurassic period, also, has left few records in the rocks of the — 
- North-west. It is hardly probable that strata of this age come to the ar 
surface in any part of the great interior continental valley north of the y 
aN 4 Line, though Richardson, when with Sir J. Franklin in 1826, obtained — * 
PF some fossils which Mr. Sowerby referred to the “ Oxford Oolite and i 
Cornbrash.”* As they came from the limestone beds of the Mackenzie, — 
oe : however, and if placed in the Jurassic series, would appear necessarily to. 
ee carry with them the bituminous shales now conclusively proved to he me 
am Devonian, there is no doubt some error in the reference. Prof. Meek : - 
ae writes, apparently with regard to the same fossils ; ‘from one of these 
beds Sir John Franklin collected in 1825 some fossils referred to Spirifer 
} acutus, and several Terebratale, resembling TJ. resupinata,’—“ Spirifer 
acutus, however, being a Carboniferous species, and Terebratula resupinata 
a Liassic form, it is evident there is some error in these identifications.”> _ 
Rocks known to be Jurassic by their fossils, are however, found in the _ 
Rocky Mountain region of Montana, and their equivalents—though not _ 
yielding fossils—appear among the highest rocks seen in the vicinity — 
of the South Kootanie Pass, and will probably be found above the carbon- 
iferous limestone much further north in the range. inhthe: 
30. The Cretaceous rocks, corresponding in age with the great chalk — 
formations of Europe, though very different from them in mineral 
character ; are those which spread over by far the greatest surface. 
Except in a few localities, and those chiefly in proximity to the Rocky _ 4 
Mountain region of uplift, they are still almost as perfectly horizontalas 
when originally deposited. The eastern edge of this formation partly i 4 
overlaps the underlying Silurian and Devonian beds, and runs nearly 
parallel with the base of the Laurentian range at a distance of about one — 
hundred and thirty miles, from the fifty-third to the fiftieth parallel of 
latitude. Southward it trends to the east, and probably crosses the forty- = 
ninth parallel east of Red River; while in south-western Minnesota ~ ae 
Cretaceous rocks repose directly in some places on granites, which are no — ‘ oe 
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* Journal of a Boat Voyage, vol. I, p. 177. t Trans. Chieago Acad. Sci., vol. I, p. 66, 
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doubt Laurentian. The general course of the eastern outcrop is conse- 
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quently about north-north-east ; and it is marked, broadly, by a series of 


escarpments and elevations, including—from south to north—Pembina, 


Riding, Duck, Porcupine and Basquia Mountains. All these appear to 
be composed for the most part, if not entirely, of Cretaceous rocks, though 
the extreme edge of the formation may often stretch beyond them. 
These so-called “ Mountains” 
shown—salient points of the edge of the second plateau, and the generally 


are, more correctly speaking—as already 


horizontal position of the beds thus suddenly cut off to the cast, attests 
the immense denudation which must have taken place in comparatively 
modern times. ; 

31. North of the Basquia Mountain, from the very scanty informa- 
tion we at present possess, the edge of the Cretaceous would appear to 
run westward and cross the Saskatchewan River near Fort a la Corne, 
where at Cole’s Falls a dark-coloured shale which has been referred to 
the lowest member of the series, occurs. It may very probably be nearly 
conterminous with the edge of the second plateau, which, according to 
Mr. Selwyn, crosses the river forty-five miles below the Fort. The 
western border of the Cretaceous seems in some places to follow closely 
along the base of the Rocky Mountain Range, but many circumstances 
arise to complicate the question in that region, and it will only be after 
the accumulation of much more information than is at present in our 
possession, that the line can be laid down with any accuracy. In some 
parts of the range, Cretaceous rocks have been included among the 
mountains themselves, and considerably altered; but the greater part of 
the newer strata, which must have covered the paleozoic rocks of this 
region when the uplift first took place, have been removed by denudation. 

32. The Cretaceous rocks thus defined in breadth, north of the 
Boundary-line, have been noted by Prof. Hind, Dr. Hector, Mr. Selwyn 
and Prof. Bell, in many localities on the second prairie level, some of which 
are more particularly referred to in the sequel; and are known to extend 
in a broad zone from the North Saskatchewan to the Mexican frontier 
and southward. In the western Territories of the United States, the 
stratigraphical sequence and paleontology of the Cretaceous beds, have 
been carefully studied by Dr. Hayden, Professors Cope, Newberry, 
Marsh, Lesquereux, Leidy and others. South of the forty-ninth parallel, 
however, the Cretaceous itself is to a great extent concealed by deposits 
of Tertiary age, which, though they have been accumulated at different 
periods, from the generally undisturbed nature of the country, are rarely 
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found to rest on the Cretaceous in other than a conformable position. 
North of the Line, the only one of these later formations yet recognized is 
the lowest or Lignite Tertiary. 

32. Ow knowledge of the Cretaceous beds beyond the North 
Saskatchewan, is as yet very limited, and depends almost entirely on the. 
observations of Sir J. Richardson, aided by chance notes of other 
explorers. not professed geologists. It is likely, however, that a trough 


. « 
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or series of more or less isolated basins of lignite and coal-bearing 
strata, follows near the eastern base of the mountains the whole way 7a 
to the Arctic Sea. A part of these beds is known to represent the 
Lignite Tertiary of the south; but judging from their association else- 
where, they will probably be found to rest on Cretaceous rocks through- 
out. Indeed, from the fragmentary nature of the information concerning 
this great northern region, and the unsettled questions with regard to 


eee 


the age of the coal series of the analogous region near the mountains and 
south of the North Saskatchewan, it is impossible to decide whether some 
of the coals and lignites described, may not belong to the Cretaceous 
formation itself. The existence of Cretaceous beds has, however, only 
been determined with certainty ata single locality, on the Bear Lake 
River, near its junction with the Mackenzie. Sir J. Richardson here 
discovered an Ammonite among sandstones and shales which he states 
resemble those of the coal measures. Prof. Meek has detected fragments 
of an Amimonite and Inoceramus in Mr. Kennicott’s collection from the 
same place,* and had formerly described two species of Ammonites from 
that neighbourhood, submitted to him by Prof. Hind, as A. Barnstoni and 
A. Billingsi. + 

33. The subdivision of the Cretaceous, as it occurs in Manitoba and 
the North-west Territories will require discussion after the systematic 
description of the localities in which it has been examined. From its 
close general resemblance however, to that which has been studied in 
the western part of the United States, it will be useful to have the Upper 
Missouri Section of Meek and Hayden, which has now become typical, 
as a standard of comparison. 


The formation is there composed as follows in descending order : 


* Trans. Chicago Acad. Sci., vol, I., p. 72. 
7 Report Assineboine and Saskatchewan Expedition, p. 184, 
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Pee Cretaceous.— 


y No. 5. Fox Hitt Beps.—Grey, ferruginous and yellowish : 
sandstones and arenaceous clays. Marine shélls. 500 feet. 

‘* 4, Fort Prerre Grovup.—Dark grey and blueish 

plastic clays. Marine shells, gypsum and jish 
OES te 2 ea ee Denn se ara 700 ‘ 


Earlier Cretaceous.— 
No. 3. Niroprara Group.—Calcareous marls. Marine 


shells, fish remains, Foraminifera, &c.. arr ape) 
‘* 2. Fort Benton Group-—Dark grey laminated clays, 
‘with some limestone. Marine shells.......... 800 * 


« 1. Daxota Grovup.—Yellowish, reddish, and whitish 
sandstones, and clay, with occasional lignites. 
Marine and some fresh-water shells, and Angio- 
SOIREE U0 or. Bg ene on cig ithe sia» 400 ‘ 


Giving, as an approximate thickness of the formation in that region, 
2,600 feet. 

34. The Lignite Tertiary rocks north of the line are not bounded 
by any great physical features of the country, but adhere closely to the 
upper members of the Cretaceous, and behave as an upper member of 
that formation might be expected to do. Though no doubt originally 
deposited in extensive basin-like depressions of the Cretaceous strata, 
these are now generally found forming slightly elevated plateaus. Denu- 
dation must have acted on these rocks on a vast scale, but they still 
cover an immense area, and contain the greatest stores of mineral fuel 
known to occur in the vicinity of the forty-ninth parallel. The line of 
their eastern edge crosses the parallel near the 102nd meridian, and 
thence appears to pursue a north-westward course, remaining for some 
distance nearly parallel with the edge of the third plateau. Beyond the 
Elbow of the South Saskatchewan, though the same physical feature 
continues to the north, it is not known what relation it may bear to 
the outcrop of this formation, nor has its northern limit been ascer- 
tained. Between the North and South branches of the Saskatchewan 
River there is a great tract of country, the geological features of which 
are still yery imperfectly known, but where it is highly probable, out- 
lyers, if not direct extensions of this Lignite formation will be met with. 
To the west, it appears to extend, at least in some places, nearly to the 
base of the Rocky Mountains. 

35. A thick mantle of sands and clays, referable to the glacial 
period, and to former great lakes, covers almost the entire surface of the 
plains. A geologist may often travel a hundred miles without once 
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being able to observe a section of the underlying Cretaceous or Tertiary 
rocks, and but for their great uniformity and simplicity of structure, it 
would be a very difficult task to unravel the geology of so vast a region, 
The very monotony of the plains is, however, to a great extent, a corol- 
lary of the attitude of the strata beneath them, and of their unconsolidated 
and homogeneous character. 

36. In the foregoing brief summary of the Physical Geography and 
Geology of the interior region of British America, I have availed myself 
freely of the various sources of information on that subject, some of which 
have been already acknowledged. Though there are many works 
bearing more or less directly on the general nature and aspect of the 
country, the geological bibliography is as yet quite small, and the 
knowledge of some districts has not been extended since the date of the 
first observations, made many years ago. The principal authorities on 
this region, exclusive of those relating entirely to its Arctic portion, are 
as follows :— 

Sir J. Richardson, in his “ Journal of a Boat Voyage through Rupert’s 
Land,” 1851. Also in “Topographical and Geological Appendix to 
Franklin's Second Journey to the Arctic Sea,” and various papers in the 
Journal of the Geological Society of London. His personal observations 
were chiefly confined to the Canoe Route, from Lake Superior to the 
mouth of the Mackenzie, and to the regions lying near the coast of the 
Polar Sea. 

Dr. Bigsby, in two papers published in the Journal of the Geological 
Society, 1851 and 1852, gives much information on the Lake of the 
Woods region, as more fully mentioned in wother part of this report. 

Mr. Isbister, in the Journal of the Geological Society for 1855, gives 
a concise account of the general geology of the north-western regions of 
America, as then known, and a geological map chiefly based on that of 
Richardson. 

Prof. H. Y. Hind, in his various reports of the “ Assineboine and 
Saskatchewan Exploring Expedition,” organized by the Canadian Govern- 
ment in 1857-58, furnishes much information, both as to the geology and 
general character of the country traversed, 

Dr, Hector, geologist to the exploring expedition sent out by the 
Imperial Government under Capt. Palliser, traversed an immense extent 
of country during the years 1857-58-59. To him the first really trust- 
worthy general geological map of the interior portion of B. N. America 
is due; and he has besides accumulated and published a great mass of 
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oe geological observations, the significance of many of which appears as the 


country is more thoroughly explored. Tis report is published, together 
with the other results of the expedition, by the British Government, as a 
Blue Book, bearing date 1863. He has also contributed a paper to the 
Geological Society’s Journal on the subject. (Vol. xvii.) 

Dr. D. D. Owen, in his “ Geology of Wisconsin, lowa and Minnesota’ 
(1852), touches incidentally on the Silurian limestones of Red River. 

Prof. Keating, in 1823, made some cursory observations on the same 
limestones, and on the rocks of Lake of the Woods. 

Prof. F. B. Meek, in a paper entitled “Sketch of the Gusloe gy and 
Palxontology of the Valley of the Mackenzie River,” published in the 
first volume ‘of the transactions of the Chicago Academy of Sciences 
(1868), describes a number of fossils collected by Mr. Kennicott, and re- 
views the geology of the region. 

Prof. Heer, in his work, “Flora Fossilis Arctica,” gives three plates, 
and descriptions, of fossil plants from the Mackenzie River. 

Mr. Selwyn, director of the Geological Survey of Canada, in the 
Report of Progress, for 1873-74, gives the results of a preliminary 
examination of the North Saskatchewan region. Prof. Bell, in the same 
volume, reports on the country "es" vicinity of the South Saskatche- 
wan and Qu’ Appelle Rivers. 
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Position and Geography the Lake of the Woods. 


ee: 37. The Lake of the Woods is over seventy miles in extreme length, 
and from its exceedingly irregular form has a very extended coastline. It = 
belongs to that system of inland waters which includes the Great Lakes to ; 
the east, and is continued in the north and west by Lakes Winnipeg, Atha- 

basca, Great Slave and Great Bear Lakes; all of which lie along the 
southern and western margin of the great metamorphic nucleus of the = 
continent, where its crystalline rocks sink below those of Silurian and 
Devonian age. his lake, in its geographical and geological relations, | | 
thus differs from those which cover so great a part of the surface of the : 
crystalline metamorphic series itself, and which appear to occupy shallow 

rock basins in it. 

38. The water supply of the “lake's is derived chiefly from the north- 
ward and eastward by the Rainy River, a magnificent stream, draining the — By 4 
western slope of the watershed which divides the waters flowing to © 

the Lake of the Woods, from those falling eastward into Lake Superior. 
The tributary streams from the country lying west of the lake, though 
comparatively numerous, are unimportant; as the low ridge which separates 
these from those passing westward into the Red River, lies very near 
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the lake. The lake discharges its waters by the Winnipeg River at Rat 
Portage, and there begins the descent of about three hundred feet to 
Winnipeg Lake, by a fine cascade and rapid. 

39. The northern part of the lake is studded with innumerable islands, 
comparatively few of which are marked on any map. Some are several 
milesin length, others of very small size, but they are invariably composed 
of solid rock, and seldom have more than a.very scanty covering of soil. 
The shores of this part of the lake are also rocky and bold, and the water 
clear and deep, giving rise to its common name of Clear-water Lake. It 
communicates by several narrow passages through a maze of islands, 
with the southern portion, which is totally different in character. Here, 
q islands are comparatively rare, and the lake forms a broad sea-like ex- 
panse, which is easily thrown into violent agitation by the winds, 
rendering canoe navigation somewhat precarious. The shores are for 
the most part low and swampy, in some places covered with a dense 
growth of tamarac, but often bordered by low sand-hills, and stretching out 
q behind them in great reedy Muskegs.* The water is comparatively shallow | 
and somewhat turbid. To this part of the lake the name Lake of the | 
Woods is generally applied, but itis more properly called Lake of the 
Sand-hills. A third great division of this system of waters lies between ; 
the eastern bays of Clear-water Lake and Lake of the Sand-hills. It 

. 
; 
| 





communicates with the former by narrow channels, and from the latter 
is entered across a rocky division known as Turtle Portage. This part 
of the lake is designated White-fish Lake, and has never, so far as I can 
learn, been properly examined or surveyed. Lac Plat, situated to the 
west of Clear-water Lake, may, though much smaller than the others, be 
counted a fourth division. It is, I believe, entered in one place without 
- unloading canoes, and also by several easy portages. It would appear 
to be shallow, merging into swamp westward, and is the great rice - 
ground of the Indians. The North-west Angle Inlet, is a narrow arm 
running westward from near the junction of Sand-hill and Clear-water 
Lakes. On it is situated the eastern terminus of the road from Winni- 
peg, and in connection with this there is a Government station for z 
immigrants. There is also a Post of the Hudson’s Bay Company, several 
traders’ houses, and usually a large camp of Indians. At Rainy River is 
another Government post, known as Hungry Hall, and between this 
place and the North-west Angle a steamer now plies regularly, forming 
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* A Chippewa word generally adopted to designate the wide grassy swamps of this region. 
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a link in the through route from Lake Superior to Manitoba. The mouth 
of Rainy River is also, and has been from time immemorial, a favourite 
camping place of the natives. At Rat Portage there is a small Hudson’s 
Bay Post, surrounded by a stockade, and trading with Indians hunting 
over a great area of country. 


Former Geological Kxplorers. 


40. The geology of the Lake of the Woods was first discussed by Dr. 
J. J. Bigsby, in a paper which appeared in the seventh volume of the 
Journal of the Geological Society (1852), and gave the results of an exam- 
ination made, I believe, in 1823, during a visit to the lake in his capacity 
as Medical Officer to the Boundary Commission Survey of that date. This 
paper gives a remarkably clear general account of the geology of the re- 
gion, and I must express my obligation to it for several facts incorporated 
in the general map appended to this report. Prof. Keating, associated with 
Major Long, in a United States Government expedition to the sources of 
the St. Peter River and neighbouring country, passed through the Lake 
of the Woods by the Canoe Route in 1823, and gives a few notes on the 
lithological character of the rocks observed. Prof. Hind mentions some 
facts bearing on the geology, in his Reports (1857 and 1858). Prof. Bell, 
of the Canadian Geological Survey, in his Report for 1872, gives a short 
account of the rocks seen during a canoe voyage from Rat Portage 
to North-west Angle, and some conclusions on the general geology.* 


Detail of Observations on Geology.—Laurentian. t 


41. On approaching the Lake of the Woods from the west, by the road 
from Winnipeg, the first rock in place is seen about three miles east of 
Birch Creek Government Station, and consists of Laurentian granitoid 
gneiss. About eleven miles east of the same place, and on the eastern 
margin of the Caribou Muskeg, a large surface of a similar rock is exposed, 
and is seen to be traversed by veins of red felspar. A mile further east, 
another good series of exposures occurs, the rock being a greyish gneiss, 
the lamination of which has a strike of N. 60° E. It is intersected by 
many veins of red felspar running in all directions. About fourteen miles 





*'To Mr. A. L. Russell [am indebted for much information concerning the part of the lake which I 
was unable personally to visit; also for an opportunity of examining specimens collected by him in Lac 
Plat, and assistance in bringing the map up to date by the addition of the results of recent surveys. 

+ The bearings given throughout this chapter are magnetic. The variation at the North-West Angle 
being 11° 17’ East, according to observations by Capt. Anderson, R.E., in October, 1872, 
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cast of Birch Creek, a well stratified and thinly bedded gneiss rock is 


exhibited, having in some layers a green colour from hornblende or epidote. 
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Its strike is N. 50° E. Other exposures of similar rocks, with a general 
accordance of strike, were seen between the last mentioned place and the 
North-west Angle. 

42. Near the upper part of the North-west Angle Inlet, rock exposures 
are extremely rare ; but this region is also apparently underlaid by Lauren- 
tian. A few hundred yards northward from the Reference Monument, and 
in the midst of a dense wood, a low rounded mass of dark gneissic rock 
rises above the general level. It holds apparently both hornblende and 
mica, which are arranged in thin and regular laminae, and is nearly 
vertical with a strike of N. 70° E. On the opposite side of the inlet, in 
the entrance to a reedy creek, a few yards of a compact greyish-black 
micaceous rock appears nearly at the water level. Its attitude is not 
clear, but it is traversed by two quartz-felspar veins, each about eighteen 
inches wide, with a course of S. 75° E. 

43. The rocks in the vicinity of the North-west Angle Inlet are thrown 
into some confusion by the presence of a great granitic and syenitic intrusive 
mass, more fully noticed on a subsequent page. South of this intrusive 
mass on the west shore of the lake, the first rock clearly Laurentian, 
occurs about five miles southward from the entrance of the Inlet, and about, 
a mile from the southern end of the granitic peninsula, known as Flag 
Island. The rock might here undoubtedly be called a granite, and in some 
parts is quite coarsely crystalline, with large and prominent felspar crystals. 
The whole, however, shows a foliated structure, and other remains of 
stratification parallel to the direction of this, are to be seen in places. The 
general line of strike thus indicated, is nearly east and west, turning 
sometimes a little north of east. 

44. This rock is traversed by dykes and veins in many places, and 
one instance of curiously complicated intersection of these was observed. 
The oldest intrusion is a vein of red felspar, but a few inches thick, and run- 
ning about north-east. This is divided by adyke three or four feet wide, of 
greenish diorite, which includes fragments of the much-altered gneissic 
rocks, and gives off some diverging branches. A thin seam of very dark 
hornblendic, diorite of still later age, cuts across both these, and is in turn 
intersected by an irregular vein of red granite. Lastly, a movement 
parallel to the direction of the largest diorite dyke, and subsequent to all 
the others, is indicated by a crack-mark, along which the granite vein has 


been slipped. (Plate I.) 
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45. The gneiss above described, extends along the shore southward fe 3 
about a mile and a half, and then sinks below the level of the water, and cy q a 

for about fifty miles, following the coast-line,—which treads westward and | 
forms two deep bays,—no rock is seen in place; the shore consisting of sand — ‘ 

and wide-stretching grassy swamps. The rock next appears forming ie a 
the north-eastern point of the southern promontory of the lake, which is — “4 Xe 
about eighteen miles due south of the last mentioned exposure. It is very eg ° 
possibly a much altered gneiss, but assumes the appearance of a fine- — vi 
grained granite, very compact, and pinkish-grey in colour. It is much — i aa 
broken up by intrusive diorite dykes of large size, which have a general _ Bs. r 
direction of from N. 20° E. to N. 40° E. These are very compact, dark- 
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ish-white blotches which give the rock a roughly porphyritic aspect, =~ 
and are composed of felspar crystals, which have undergone fracturein 
several directions since their formation. A small rocky islet, about a 
mile and a half north-east from the point, is composed of a similar an 
material ; it was covered, when visited, with nests full of young cormor- _ 
ants (Graculus dilophus). Both these diorites essentially resemble that 
composing an island near the first exposure of Laurentian rocks south 
of the Angle Inlet. ; 
46. Four miles eastward, the north-eastern point of the southern pro- 
montory is found to consist of rock in place, which extends for more than 
a mile along the shore. It consists of thinly stratified gneiss and horn- 
blende schist, much broken up by small faults, and twisted, but showing 
a general dip of from N. 50° EK. to N. 70° E., at angles of 50° and 
upward. a 
47. From this point to the vicinity of Rainy River no rock appears. ‘a 
Near the mouth of the river, limestone has been reported to exist, but I 
did not find this rock except as scattered boulders, in which form it is 
common along the whole southern border of the lake. xe 
48. A few miles north of Rainy River, the Laurentian rocks again rise — 
above the level of the drift, as hornblende schists, associated with thin- fee), 
bedded gneiss. Where first met with, their strike is N. 85° W., and the 
dip southward at a high angle. At two points a little further north, the a 
strikes were found to be N. 73° W. and N. 78° W. respectively. The 
hornblende schists are generally composed of black hornblende and white 
felspar, and are fine grained and thinly bedded. In some places, however, 
the hornblende changes toa rather light green. The rocks are traversed by 
numerous sinuous red felspar veins, and in minor cracks show streaks of 
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epidote. A small island off Windy Point is of gneiss, with a strike of 
N. 51° W. and a high dip to the south. 

49. Making a traverse of three miles to Bick Island—which lies to 
the north, and is the most southern island of the chain which 
stretches across the eastern bay of Sand-hill Lake—the rock is found to 
be a granitoid gneiss with a strike of N. 70° W. It probably belongs to 
a stratum considerably underlying the last described beds, on the main- 
land. The south-eastern point of the island shows grey and hornblendic 
gneiss striking N.50° W. The eastern point is formed of grey granitoid 
gneiss, only showing in a few places sufficient traces of stratification 
to allow the strike—which is N. 65° W.—to be observed. In several 
places in this vicinity there are large irregular segregation veins com- 
posed of red orthoclase felspar and white quartz. The felspar crystals, 
have as usual, formed first, and their crystallization is very bold; one 
of them beautifully cut and polished in section by glacial action, measuring 
seventeen inches in length. The quartz has filled irregular pockets 

remaining among the felspar crystals. Two miles north, and still on the 
same island, a point was observed where granitoid gneiss of the usual 
type, reddish-grey in colour, and also holding veins of felspar, was cut by 
a large dyke of very compact dark-green diorite. The northern portion 
of this island is entirely composed of grey granitoid gneiss, in some places 
scarcely distinguishable from granite, and of which the strike and dip is 
indeterminate. At the extreme northern point, it forms low ‘gently 

rounded knolls which rise slightly above the surface of the drift. 

50. Middle Island, opposite the north end of Bigsby Island and for 
about two miles northward, is composed of thinly bedded and often 
ribbon-like gneiss and mica schist, with some greenish layers like those 
intercalated in the strata last described on the mainland. The attitudes 
at three points, beginning at that furthest south, were found to be respec- 
tively: dip N. 53° HE. < 68°—S. 60° W. < 35°—S. 65° W. < 38°— 
indicating a well marked synclinal fold. The beds where they dip 
north-eastward on the south side of this synclinal, are probably the 
return of those last seen on the mainland, and must overlie the granitoid 
gneiss of Bigsby Island. It can hardly be supposed, however, that the 
phenomenon is a simple anticlinal in which all the beds from Windy 
Point to this locality are included, as the distance is at least eight miles, 
and the angles of inclination high. It is more probable that a series of 
sharp flexures having an approximate east and west direction, are super- 
imposed on a long gentle swell of the strata parallel to them, and 
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the higher part of which has been entirely removed by denu 
North of the last mentioned locality, grey granitoid gneiss again 
stitutes the shore, aud is traversed as usual by many felspar veins, som 
of them of large size and having an approximate east and west con 
and underlie to the north. Northward, about two miles from 
northern point of the island, hornblende schist appears with a dip o 
S. 39° W. < 55°. This is immediately succeeded by granite, being re 
portion of the great intrusive mass of North Island, and forming also the oa 
northern part of this island with the exception of about halt a mile ey “F 
the north-eastern shore; where the eastern end of a small auticlinal of 
grey gneiss overlaps the edge of the intrusive rock. The gneiss, besides | ‘ ‘ 
red felspar veins, is intersected by several of dark green diorite having 




















an east and west course. The granite in the northern part of the island 
asserts itself by giving the country a much higher and bolder appearance, i 
and is evidently intrusive, as it holds detached fragments of clearly 
stratified gneiss near its junction with that rock. It is homogeneous, of | 
red and greyish-red tints and fine grain; and is traversed by occasional 
felspar veins, some of which were found to have a course of N. 30° W. 

51. Opposite the north end of Middle Island, North Island is composed — 
of grey gneiss, dip N. 37° W. < 30°, and probably connected with 
that just noticed. This is immediately followed to the north by pink fine- 
grained granite, enclosing large unaltered masses of the gneiss. The 
remainder of the island is formed of similar granite rock oe grey, greyish- 
red, and red tints, and very compact. Ua a 

52. The junction of this great mass of intrusive granite with the rocks ae 
to the northward, is concealed below the waters of “the strait which 
separates North Island from the mainlaind, and which is from, three 
quarters of a mile toa mile in width. The rock where next seen is a 
blackish hornblendic schist, dipping N. 68° W. < 40°, or away from the | 
granite, and including red felspar veins more or less nearly conformable 
with the strike, which are probably connected with the eruptive mass. | | 

53. The shore from this point runs north-westward for about eight ce 
miles, and is deeply indented with bays of very irregular outline, and — He 
fringed with high rocky islands. The rock, with the exception of two or 
three granitic masses of comparatively small size, is hornblende schist and 
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gneiss, and with a few exceptions, has a general south-westerly dip, and 
nearly coincides in its strike with the zeneral line of the coast. In a deep 
bay, a short distance west of the last mentioned locality, and separated 
from it by a boss of red granite holding gneissic fragments; black and _ 






LAKE OF THE WOODS.—LAURENTIAN. 29 


greenish hornblende schist recurs. It dips north at an angle of 55°, and 
_a few hundred yards further northward become vertical. Near the bottom 
of the bay the rock is still hornblende schist, vertical, and greenish in colour, 
with an approximate strike of N.55° W.; showing a great thickness of these 
hornblendic rocks. A mile and a half westward in the line of strike tho 
same schist appears, with a nearly east and west strike, and is immediately 
succeeded to the south by intrusive granite, possibly an extension of the 
last mass. This is followed by grey gneiss, strike, N. 83° E. Rather over 
a mile north-west of this the prevailing rock is again a hornblendic schist, 
which appears to be partly micaceous in places, and has adip 8. 18° W. < 
50°. This rock, in following the shore, is immediately succeeded by well- 
marked gneiss, which appears to be stratigraphically inferior to any rock 
seen since leaving North Island. It constitutes the shore and islands for at 
least two miles. Its colour is usually grey, and in one locality it showed 
a direction of strike N. 45° W., andadip at high angles to the southward. 
In some places it is granitoid, and so massive as to give no well-defined 
direction of strike or dip. Near the point where this compact gneiss 
disappears, the shore begins to trend rapidly to the north, sweeping round 
the end of the promontory dividing Sand-hill and Clear-water Lakes. 
This change is closely followed by the strata, which show a simultaneous 
tendency to alter their strike toward the same direction. The rock again 
changes to a hornblendic schist, with a dip of S. 40° W. < 60. This rock 
is probably the representative of the thick series of hornblendic schists 
mentioned as occurring in the first bay west of North Island. It becomes 
micaceous westward, and includes some gneiss bands ; and constitutes the 
shore for about two miles, having in two places where observations were 
made, dip 8. 60° W. <. 50°, and S. 45° W. < 60. 

54. Westward from this place, the rocks assume a quite different ap- 
pearance, and belong, as I believe, to an area of much-altered Huronian 
which lies to the south of the great North-west Angle intrusive mass. The 
actual junction between the two formations at this point is concealed by 
water, but they show a remarkable appearance of conformity, the next 
rock seen, being a soft greenish slate, with a dip of S. 60° W. < 45°. It 
is worthy of notice that similar apparently conformable junctions of Laur- 
entian and so-called Huronian rocks have been noticed by Prof. Bell, as 
occurring on the Albany River at Martin’s Falls, and also in the neighbour- 
hood of White River.* 





* Report of Progress Geological Survey of Canada, 1871-72, p. 110, and 1870-71, p. 345 
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GEOLOGICAL SURVEY OF CANADA. 


; ike le 
Area of Much-altered Huronian Rocks lying South of the Intrusive Granitic 
» Mass of the North-west Angle. ive 


55. This detached area of Huronian is comparatively small; its gr 
est diameter, which lies nearly east and west, may be stated as about ei 


miles, and its width at about four. So far as could be ascertained a, [ 
examination of the islands which fill this narrow part of the lake, the me 


northern and western edges of the area are bounded by intrusive rock, 


A 


and the eastern passes in the manner already described into the Laurentian; 


but, as the southern edge is only defined by the margin of the belt of | 
islands, and the falling away of the rock surface below the waters of the — 
lake, it may possibly extend much further in this direction. Indeed, con- 
sidering the close manner in which the form of the lake accommodates — 


itself to the areas occupied by the softer rock formations, itis not improbable | 


that much of the southern part of its basin may have been excavated in 


” 
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Huronian rocks softer than those now treated of, which have assumed au; 


altered character from their proximity to the granitic mass. 
56. The rock first found on leaving those of the Laurentian series, and 
belonging to the eastern end of the area now in question, isa dull-green 


soft hornblendic slate, separating into rather thin lamine, often brownish 


in colour along the division planes, and where weathered. It includes, in 
some places, more or less lenticular masses of grey rock resembling 
gneiss in appearance, which may have been intruded parallel to the 
stratification planes, but is more probably bedded, and formed of material 
differently affected by metamorphism. A short distance west of this, the 


rocks assume a vertical attitude, with a strike of about N. 80° HE. 


Quartzites of greyish colours preponderate, and are associated with a rock 


resembling diorite, but which may possibly be a much altered sedi- 


ment. The quartzite shows many joints running in all directions, and in 
some places is so cut up by them as to render it difficult to break off a 


clean-faced specimen. The joints are sometimes slickensided and gener-— 


ally rusty. West of this, at about six miles east of the northern end of 


Flag Island, the strata dip N. 27° E., < 70°, the rock being a soft, very | 


finely laminated micaceous schist of a grey colour; the mica in which is ee 


black. It is intersected in one place by a well defined dyke of diorite, 


not of great width, but with a fixed direction of S. 40° EB. Forabout = 


a mile south-west of this, the rock, where seen, is a thinly bedded 
grey gneiss, imperfectly crystallized. It was found to have at three 
points where observations were taken, the following attitudes:—N. 8° 
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W. < 60°—N. 13° W. < 45°, and N. 5° BE. < 58°. It forms with 
the rocks still further west, a series with a nearly east and west strike, 
and northerly dip, toward the intrusive mass. " 

57. South of the last mentioned locality, on the southern side of the 


belt of islands, the rock, which must considerably underlie those just 


spoken of, is a hardened chloritic slate of dark-green colour, including thin 
belts of gneiss-like material, which although parallel to the strike, may be 
intrusive. These rocks have a dip N. 12° EH. < 60°, and formhigh 
bold islands. They are very probably the return on the southern side of 
a synclinal of those Huronian beds of similar appearance, which were first 
described, and which, about four miles to the north-east were found 
dipping south-westward off the flanks of the Laurentian. 

58. Three and a half miles east of the north end of Flag Island, rocks, 
overlying the last, consist of dark micaceous schists, dip N. 10° W. < 
45°. In the islands to the west, the schist is replaced by hard dark- 
green altered rocks, which probably hold a somewhat higher place in the 
series. The islands to the north, are composed of light-coloured granitic 
rocks, the line of junction between which and the green rocks, is every- 
where covered by water. These green rocks generally yield only an 
approximate dip or direction, but were found to give in two places N. 12° 
W. < 45°, and N.5° W. < 60°. Near the western extremity of the 
Huronian area, they compose a large island lying immediately east of 
Flag Island; and on crossing a passage three quarters of a mile wide to 
the latter, the rock changes to compact pinkish intrusive granite ($64). 
A little tongue of much altered and contorted green rock, occupies the 
eastern shore of Flag Island for a few hundred yards, and seems to be the 
outlying end of a minor synclinal fold, the greater part of which has been 
removed by denudation. A similar outlyer of the same rock rises above 
the lake as a small water-washed islet, in the southern part of the bay 
south of Flag Island, and may extend westward under the. low shore of 
the bay. 

59. The general character of the rocks of this area of much-altered 
Huronian, is quite different from that of the typical Laurentian of other 
parts of the lake. They are softer, and more schistose and slaty, and give 
a different appearance to the country, and a more ragged and broken 
character to the shore. Dark green shades are prevalent, the most prom- 
inent mineral constituent of many of these altered rocks being green 
hornblende, generally crypto-crystalline, and often occurring with scarcely 
a trace of felspar. From the evidence of other rocks surrounding the 





32 B. N. A. BOUNDARY COMMISSION. 


granitic outburst, these must have suffered intense metamorphism, and 
had this been superimposed on that which is seen to effect the Laurentian 
rocks in eeneMil, they would have assumed a very different aspect from 
that they now have. They differ, however, from the altered Huronian on 
the north side of the granite, in the absence, so far as observed, of rocks 


clearly representing altered conglomerates, so common there. 


Intrusive Granitic Mass of the North-west Angle and Vicinity. 


60. This intrusion may be considered as roughly separating the Huron- 
ian series of the northern part of the lake, from the Laurentian of the south ; 
but cuts off the area of much altered Huronian rocks, just described, from 
the rest. Its general form, so far as I have been able to define it, is that 
of the letter Y, the bifurcation taking place westward, and the northern 
branch passing almost directly up the North-west Angle Inlet, while the 
southern curves southward toward Flag Island. In the fork of the Y an 
area of sedimentary rocks is caught up, which appears, like those lying 
to the south and north, to be highly altered Huronian, but may also 
include some beds of the Laurentian. 

61. The multitude of large and small islands separated by narrow and 
tortuous channels, which fill the lake opposite the’ North-west Angle 
Inlet, are due to the superior hardness of this mass, and its surrounding 
altered rocks; and it very probably, as suggested by Dr. Bigsby, runs 
eastward and constitutes the backbone of the promontory, which so con- 
stricts this part of the lake. Its most western visible extension is seen at 
McKay’s Island, a rounded half-submerged hill, which stands boldly out: 
from the low swampy ground of the northern shore of the Inlet, some 
seven miles east of the government landing, and about cight miles from 
the Laurentian rock already described as existing at the Reference 
Monument not far from that place. The granite is moderately coarse, and 
greyish-red in colour. It has scattered through it irregular masses of 
greyish fine-grained hornblendic rock, which is softer and weathers away 
into hollows, and probably represents included fragments of surrounding 
strata. Many segregation veins of coarse-grained reddish felspar with 
quartz, occur, with a general course nearly east and west. They run 
very straight in some places, but do not exceed a foot in width. Eastward 
from McKay’s Island, on the north shore of the Inlet, several points 
show a granite similar to that there represented, grey in colour, and 
often holding segregations of red felspar and quartz. 
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62. Bucketé Island, on the south side of the Inlet where it widens to 
the lake, is also composed of granite, belonging to the same mass, but 
red in colour. Here are also many segregated veins and bunches of 
felspar and quartz. Several of the veins were found to have a direction 
of N. 40° E. The felspar is pale pink, the quartz scarcely milky, and 
there are occasional plates of white mica; the veins thus showing all the 
minerals of the matrix. The quartz penetrates the felspar much more 
than is usual in such aggregations. Two anda half miles east and a 
little north, of Bucketé Island, granite belonging to the northern branch of 
the mass is again seen, but considerably reduced in breadth, and bounded 
on each side by highly altered Huronian. 

63. The Southern branch is seen furthest south, about a mile south- 
west of Flag Island, in close conjunction with the Laurentian gneiss already 
described, and is there reddish grey and compact. It continues in a 
gereral north-eastward direction for about three miles, forming in its course 
nearly the entire mass of Flag Island, and then runs eastward for a 
mile or two, and finally again takes a north-east course and passes into 
the main mass. The southern part of Flag Island is composed of 
greenish-grey and pinkish-grey syenitic granite, of rather coarse grail 
and somewhat peculiar aspect. The felspar is greyish and pinkish, the 
quartz nearly transparent and colourless, and the mica and hornblende 
black. This rock is traversed by many veins and lenticular masses of 
compact, greenish-grey rock of dioritic aspect, fine-grained and siliceous. 
It is probably an imperfect granite, but much resembles the gneissic 
masses already described as occurring between the layers of greenish 
much-altered Huronian rocks. (§ 56). Some of these veins run nearly 
in straight lines, with a general course of north-east and south-west, 
and though presenting much the appearance of stratified beds which 
had resisted the metamorphism converting the surrounding rocks into 
granite; are evidently intrusive dykes, and contain broken fragments 
of the containing rock. The granite here also shows small, irregular 
pockets and veins of vitreous quartz. 

64. The northern part of Flag Island is composed of a compact pink 


_ granite. About a mile north-west, a similar red granite is again seen, and 


beyond this the rock becomes syenitic, changing first to a red syenite, and 
then to a grey rock, which might be called a syenitic diorite. 

65. The main body of the intrusive mass, where crossed about eleven 
miles east of the Angle Station, has a breadth of about two and a half 
miles. Its northern edge, in this place is composed of a pinkish granite, 
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segregations in the nedomningliie felspar. It is traversed. ad "7 
systems of irregular felspar, and quartz-felspar veins. Going southw: ar 
changes to a syenitic granite, showing perfect felspar crystals in a 








rock a very dark colour. Here also many masses of altered sedime at 
rocks are sabi Bald Sull further south, red syenite of a sib app 







ng a a diorite dyke running N. 30° HE. was observed, min pe 
‘ appearance and course may possibly belong to the same series as th 
Bs, seen in the southern part of Flag Island. mPy 
66. Along its southern edge, and where almost in contact with the 





























altered sedimentary rocks, the intrusive mass seems to assume a still more es 
basic character and darker colour; being represented by blackish dices ie 
of gneissic aspect, and grey syenitic diorite. In one place the sedimen- 
tary rocks were observed in close proximity to the granite. The dip | a. 

was found to be N. 25° W., or directly toward the intrusion, at an angle | x 
of 45°, the rock being a hal altered slate, somewhat resembling the 
Bee green altered rocks seen further south, but so much changed as to 





simulate a cleavable diorite. 


Isolated Area of Huronian Rocks. 


67. The area of altered rocks, which lies between the two western 
branches of the intrusive mass, is not separated by a great width of | a 
the latter, trom the rocks of similar character to the north; and as these _ 
$ have also similar directions and dips, the two may well be considered = 





ree tx 





a in connection. The most eastern portion of this area examined, is 

Hs composed of a hard grey rock of gneissic appearance, but consisting tg 
, “hy 

E mainly of quartz and hornblende, and in some places passing % a ier 


tt 
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; distinct quartzite. It is then not so highly metamorphosed as ip 34 Bh. 
. obliterate the forms of the grains of sand, which are rather fine, and — a 
contain among them many hornblende crystals similar in size. This 
rock is traversed by many granite dykes, and by quartz-felspar veins, 4 
S ; which are newer than, and intersect them. It is probable that rocks ‘i 
; belonging to this area occupy the greater part of the large bay between 
Bucketé and Flag Islands. An island in this bay, not far north-west 4 
of Flag Island, is formed of fine grey hornblende or mica schist, dipping 
N. 20° W. < 45. It is intersected by many red felspar veins 2 to 3 feet — a 


wide, and st ro by small seams of vitreous quartz ; both of which nes 4 
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_ follow the strike. Numerous crack-lines are also observable on weathered 


surfaces, and run N. 10° W. Another island near this is composed of 
a similar micaceous rock, which has a dip of N. 40° W. < 60°. Along 
the north-west shore of Flag Island are numerous small rocky islets, and 
half submerged rocks, some of which are composed of black hornblende 
rock with large and numerous red felspar veins, while others are of red 


and greyish granite. It is quite possible that in this part of the region, 


some beds belonging to the Laurentian series, may have been brought 
up in connection with the disturbances due to the intrusion of the 
granite, and appear here with those, the true analogy of which is with 
the Huronian rocks to the north. 


Huronian Rocks North of the Intrusive Mass, to Ka-ka-ke-wabec. 


68. North of the granite mass, and reposing on its edge just east of 
Bucketé Island, a grey, gneiss-like, finely stratified rock appears, dipping 
about north-north-west at angles of from 25° to 30°, and holding—as 
is usual with the rocks in proximity to the granite—many reddish veins, 
chiefly composed of orthoclase felspar. At a distance of two and a half 


_ miles eastward from this, and nearly in its line of strike, a similar rock 


occurs, and is again seen to abut directly on the granite. Its dip near 
the latter is N 20° W. < 45°, and-it continues in a direction at right 
angles to its strike for nearly three-quarters of a mile, at which distance 
it was found to have a dip N. 5° W. < 35°. It is cut by many 
red felspar veins, and one dark hornblende dyke with nearly east and 
west course was observed. The rock, though close-grained and quite 
gneissic in aspect, and of a grey colour, is here evidently a much altered 
conglomerate of the kind abundant further north, which has been called 


greenstone conglomerate. On weathered surfaces the original fragments 


are still quite discernible, forming lenticular areas of coarser texture and 
lighter colour than the uniformly grey matrix. 

69. Overlying this, and forming the islands opposite the southern 
border of the Small Promontory—which extends from the north shore of 
the Inlet about four miles east of McKay’s Island—and also seen on the 
promontory itself, is an important series of quartzites. With the possible 
exception of those lying south of the granite ($56) thése are the most 
extensive on the lake. It is quite probable, indeed, that the beds repre- 
sented in both localities may be the same, and that the granite has 
merely separated them. The southern part of the quartzite, in this 
place, is shattered and traversed by many rusty joints, but nearly white 
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on freshly fractured surfaces. It has a strike of N. 76° E., with ad 
an angle of 55° northward. The part on the mainland, north of th: 










particles are barely visible, and which includes small crystals of py 
1 It is somewhat disturbed, but may be stated to have an average 7 
eae) N. 35° W. < 80°. This quartzite belt occupies a width of about or 
third of a mile, and unless unknown complications affect the strata, p 
| have a thickness of at least 1,500 feet. sl | 
ae i 70. Five and a half miles west of this point, and in immediate juxta. 
= position to the northern edge of the granite mass, a quartzite, so ae 
| altered that it might almost be called a sandstone, unexpectedly appears. 4 .- 
It is fine grained, and grey in colour, and is penetrated by a dyke of ‘e 
is granulite with quartz seams, and small included crystals of molybdenite. ve 
It has a dip of 8. 37° E. < 63°, or toward the granite, but this is 
‘no doubt local, and due to folding connected with the extrusion of that Ke ‘a 
mass. It probably represents the same band of quartzite as that last = 
described, and if so, the northern edge of the granite runs obliquely to 
the strata to such an extent as to cover or remove the whole of the 7 P 
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ees western extension of the underlying conglomerate series. . 
71. In describing the details of rocks of the remaining portion of the 
; lake, the order of those beds seen along the shore of the mainland be- 
iy tween the North-west Angle, and Rat Portage, will be followed. That * 
a part of the coast-line is laid down with sufficient accuracy on the map to 
i enable points to be fixed with some degree of certainty. In discussing 
each well marked series of beds, it will then be traced eastward as far as _ ay 
my observations extended. The accompanying general section (Sect.3) 
will be found of use in following the descriptions, but must be accepted — 
as only accurate in a general way, as subordinate intercalations of — 


“A 
slates and shales, occurring among preponderating greenstone and con- 
ay 


glomerate beds, have not been indicated. Indeed, where the rocks have _ 
suffered great metamorphism, as in the neighbourhood of the various 





granitic masses, it is exceedingly difficult to lay down precise boundaries; 
and such accuracy could only be the result of long and patient tracing 
out of well marked beds as datum lines. bet 

72. The rock immediately succeeding the last described quartzite in 
the Smal] Promontory, is a dark-green crystalline hornblendic material, 
with laminw of chlorite. It might be an eruptive rock, but rather seems 
to belong to the series of greyish and blackish schists next in order, 
which, unless overlooked among the much altered rocks a few miles 
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eastward, has no representative there, and must run out in that direc- 
tion. 

73. North of this, and forming the eastern point of the Small Promon- | 
tory, hard greenish and blackish hornblendic spotted rocks appear. They 
have astrike of N. 67? E, and are vertical. Small ramifying epidotic 
veins occur, cutting through them in all directions. Rocks similar in 
appearance, also spotted, and much altered, are again seen on the strike of 
these, in the bay to the south-west of the Small Promontory. They have 
a dip of N. 53° W. < 50°, and probably belong to the same series, which 
appears to be one of rather fine-grained, but much altered conglomerates. 
These stand in place of the vast thickness of conglomerate rocks occur- 
ring to the east. The eastern part of the conglomerate belt apparently 
absorbs the slate band last referred to, and by its great increase in thick- 
ness deflects northward the next slate band, in its eastern extension. 

74. At a distance of a little over five miles from the Small Promon- 
tory, the conglomerate belt covers a breadth of two and a half miles, the 
angle of dip throughout being very high. Where crossed from south to 

; north in that region, the component beds present the following lithological 
. characters and attitudes.—Hard gneissic altered rock, strike N. 80° KE. 
Hard altered conglomerate with some quartzite, strike N.79° E. The 
two last species of rock are very frequently associated, and in some locali_ 
ties, one even seems to pass into the other. Hard dark-grey rock, which 
resembles a quartzite, but has minute hornblende and mica crystals deve- 
loped in it, and shows the forms of original pebbles differing from the 
matrix in being felspathic. A little further north, grey highly altered 
conglomerate of gneissic appearance. This continues for some distance, 
and then changes to less altered conglomerate with much siliceous matter” 
in its composition, and grey in colour. Strike N. 60° E., with a dip at a 
high angle to the south. This rock constitutes the northern edge of the 
conglomerate belt now in question. 

75. The eastern end of the next belt, which is of highly altered 
slate, runs into the first bay north of the Small Promontory. It is not 
of great width, and appears to narrow eastward, where it bends 
northward to pass round the convexity due to the thickening of 
the conglomerate belt just described. The eastern portion is a soft 
thin-bedded hornblendic schist, composed chiefly of black hornblende and 
white quartz, with but little felspar. It includes a few compact grey 
lenticular masses, which may have originally been pebbles, and seem to 
assimilate it to the conglomerate. At the place examined, it had the some- 





































‘Small Promontory, and distant about a'mile and a half from it. This be to 
runs north-westward for some time pretty nearly parallel to the main 


‘minutely acicular. Half'a mile still further west a similar rock is seen, but. 


rocks is found forming the north-western shore of the lake for a long dis- — 
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what abnormal dip of 8. 25° W., and was nearly vertical. Aboutsix r m iles 
westward, what I believe to be the same bed, appears as a soft fine-grai ed 
micaceous schist, brownish in colour and thinly cleavable. Dip S. 30° F Ez 
GABP 4s, i a 

76. The next band, which is composed of conglomerates and similar " ri 
hard rocks, seems to be the cause of the point immediately north of th ai 




















shore, “forming an interrupted chain of large and bold islands. At the point a , 
just mentioned, the rock is greenish and spotted, dip S. 23° E. < 60°. 
Half a mile further westward a hard greenish-black hornblendic rock 
occurs, which, though it may be a contemporaneous diorite, shows spots 
which are apparently remains of pebbles. The hornblende crystals are — 






silica now so much preponderates that it might be called a hornblendic | 


quartzite. Three miles westward from the point, the rock is a true a $5 a ” 


stone conglomerate,’’ much disturbed, and showing a local strike of N. 
10° E. Six and a half miles northward and westward from the same- 
place, the rock is again a typical greenstone conglomerate, hard and con- — 
siderably altered and contorted, but with a general strike of N. 43° W. | 
In one place a polished and glaciated horizontal section, shows what ap- 
pears to be the nose of a compressed synclinal fold; a thin layer of conglo- 
mexate imbedded in compact greenish altered rock, being bent round at a 
very acute angle. The inner side is quite rough and irregular in out- 
line, as though representing the former upper surface of the brecciated 
material. A mile further north-westward, the rock is a hard, spotted, 
highly altered conglomerate, or greenstone. For about two miles, stillin _ Pi 
the same direction, greenstone conglomerate continues, with fragments — 
larger or smaller, and often weathering rough superficially. At the ex- 
treme northern edge of the belt, the rock is hard, green, altered, con- 
torted, and of spotted appearance, but gives an approximate strike of _ 
N. 57° E iz 
rue North of the belt just described, an extensive series of schistose 
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tance. Many of these are softer and less altered than any yet described, 
but are locally hardened by the occurrence of several minor masses of in- 
trusive rock. The rocks belonging to this series, probably form the shores 
of the greater part of the second large bay north of the Small Promontory, 
though they were not actually observed there. Five miles north-westward 
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from the promontory, they are represented on a small island off the main 
shore, by a soft, green, chloritic schist with a strike of N. 70° E. and ver- 
tical. About a mile further westward, and opposite the mouth of the 
third large bay, the rock is a thinly laminated soft mica-schist, silvery on 
the faces, with a dip of S.58° E. < 70°. The same bed, a short distance 
further on, forms the high rock called Picture-rock Point; and is there 
seen perfectly vertical, with its line of strike parallel to that of the shore. 
A large island lying behind the point, and within the mouth of the bay, 
shows much-altered greyish-green rock, abutting against an important 
granitic mass, which gives off other minor dykes nearly parallel to its own 
direction. The altered rock, has a dip of N. 42° W. < 70°, and the gra 
nite appears pretty nearly to followits strike. The granite has a rather 
deep red colour, from its felspar, which is largely in excess. It is also 
-hornblendic, the hornblende being black, and forming crypto-crystalline 
aggregations in the felspar. In its general appearance it much resembles 
some parts of the intrusive granite of the North-west Angle. 

78. Picture-rock Point, is so named from the remains of Indian devices 
marked upon the broad flat surface of the slate in red paint. A mile north- 
west from it, the same thin-bedded bright slate, still forms the shore, the 
direction of the strike and that of the coast-line nearly coinciding. Two miles 
from the same point, and still nearly on the same geological horizon, is a 
finely laminated greenish-grey talcose schist, lying very straight and even, 
vertical, and with a strike of N. 58° E. Three and a quarter miles from 
Picture Point, and still following the shore, the rock is a grey altered 
slate, vertical, and with a strike of N.55° E. Beyond this, for a short 
distance, greenstone is seen, but it is not very clear whether it is intre 
sive, or contemporaneous. A mile beyond the last locality, a rather 
massive quartzite comes out on the shore, dipping S. 23° E. at an angle of 
55° in one place, but generally nearly vertical. It apparently underlies 
the schists and slates just described, but no rock precisely resembling it 
was seen in any other part of the lake. It is very pure, translucent, light 
greenish-grey, with occasional thin fibres of chloritic matter. It weathers 
a dead white, and is traversed in the bed by innumerable joints and seams. 
Beyond this the slates become considerably altered, from proximity to in- 
trusive masses and dykes, which are about on the same horizon as those 
described in Picture Point Bay, and may continue behind the line of the 
coast to this place. Therock is here, however,a rather imperfect granite, 
grey in colour, with rounded white felspar crystals, and small cubical 
erystals of iron pyrites, It resembles the intrusive mass of Ka-ka-ke- 
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wabec lying to the northward. <A short distance further westward, on 
an island,a dyke of similar material, also grey, and with pyrites crystals, 
and a large excess of whitish felspar, occurs. It traverses a hard green 
altered rock, with a course of N. 63° E., and probably follows the strike. 
Two miles westward from the first appearance of the intrusive rock, it is 
again seen, and is a whitish granite, with rather large black mica crystals. 
It cuts through a soft dark-green chloritic slate, with a strike of N. 77° 
E., which the intrusion follows, though irregular and lenticular. 

79. Further north, and apparently underlying the last, is a hard close- 
grained slate, with rather irregular cleavage, and a strike of N. 75° KE. 
Beyond this, the rock continues to be highly altered, and of a darker green 
colour, the strike being somewhat obscure, but generally nearly east and 
west. A mile and a quarter south of the southern end of Ka-ka-ke-wahee, 
the rock is hard, green-grey, felspathic, and rather coarse-grained, with 
seales of talc. Strike N. 80° EK. Next this, on the north, is a belt of 
thin-bedded and finely cleavable slate, greenish-grey in colour, and 
chloritic or taleose. It dips N. 5° W. < 80°, a position which appears 
to indicate the northern side of an anticlinal, the axis of which must run 
nearly east and west. This is further confirmed, by the reappearance of a 
rock precisely similar to that last described. Beyond this, to the north, is 
a hard much-altered greenstone conglomerate, with a strike of N. 72° E., 
and on edge. The thickness of this bed is not clearly shown, but it cannot 
be very great, as it is immediately succeeded by a much altered rock, 
probably not a conglomerate, in which a good deal of pale-green horn- 
blende is developed, and which has a nearly vertical attitude with a strike 
of N. 55° E. The narrow belt of conglomerate was not noticed on the 
south side of the anticlinal, but my observations tend to prove that these 
rocks are only locally constant. 


Intrusive Mass of Ka-ka-ke-wabee Island. 


80. The continuity of the strata is here interrupted by the important 
intrusive mass of Ka-ka-ke-wabee Island. The southern point of tho 
island is high and cliff-like, and forms the eastern side of the narrow and 
picturesque passage separating it from the main shore. The rock 
is there a granite, quite similar to that last described, and with small 
cubical crystals of pyrites. It continues to occur northward, on the west 
shore of Ka-ka-ke-wabec, for nearly a mile; but changes its aspect some- 
what, becoming in some places a greyish-red hornblendic granite, and 
including large masses of highly altered siliceous slates, the stratification of 
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which is quite obliterated, and which indeed often resemble diorite from 
the coarseness of their crystallization. This zone of intrusive rocks, may 
run eastward a long way, and probably forms the nucleus of the chain of 
large islands which here extend across the lake, but are not correctly 
represented onthe maps. This supposition is confirmed by the circum- 
stance that the northern shores of these islands are composed of soft and 
fissile rocks, which could hardly have held their ground unless so 
supported. 


Huronian Rocks from Ka-ka-ke-wabec to Rat Portage. 


81. The north end of Ka-ka-lke-wabec Island, is composed of rough 
green chloritic rock, not showing any appearance of excessive alteration, and 
forming the southern margin of another extensive belt of schistose strata. 
The comparatively small distance to which these rocks are altered, north- 
ward from the intrusive mass, would almost lead to the conclusion that 
they have been brought into contact with it by a fault, nearly following 
its northern edge. The next rock observed, which occupies a position 
somewhat inferior to the last, is a chloritic slate, of rusty appearance, 
caused by the weathering of dolomite, with which it is minutely inter- 
leaved. A short distance north of this, near the main shore, is a soft 
thinly bedded talcose schist of a grey-green colour, almost nacreous in 
places, and including particles of dolomite. It has a strike of N. 88° E., 
and is vertical. A mile and a half west, and nearly on the same strike, a 
gumilar thin-bedded talcose schist appears, again showing traces of dolomite, 
and on edge. North of this, and about a mile north of the eastern end of 
Ka-ka-ke-wabec, is a somewhat micaceous schist, with greenish-white 
felspar, like all the rocks in this part of the lake, vertical. Strike N. 85° 
W. Near the horizon of these schists, and about a mile south of Lacrosse 
Island, is a whitish thin-bedded talcose slate of rather remarkable aspect. 
Strike N. 82° W. Passing northward from this toward the south end of 
Lacrosse Island, the rocks, so far as could be ascertained from an 
examination of the islands, were:—Thin fine-bedded chloritic schist, 
including lenticular masses composed of dolomite and quartz, round 
which the layers of rock bend—vertical, strike N. 77° E. The rocks here 
bear the appearance of having been intersected, while still nearly 
horizontal, by jointage planes at right angles to the stratification, and 
cutting it neatly ; which, now that the beds have been folded through an 
angle of 90°, produce on weathering, in some places, almost perfectly 
horizontal areas. These are as smooth as though subjected to the action 
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of glacier ice, but that they have not been produced in this way, is 
dent, as a rounded and glaciated surface may sometimes be seen p eel 
off under the action of the weather, and exposing the subjacent plane. — 
82. Here a fragment of dolomitic limestone, 2 feet 6.inches in grea r 








diameter, was found, being the only limestone boulder observed in the : ia 
whole northern part of the lake. It did not appear to have travelled fa . it 
and differs much in character from those subsequently to be mentioned — 
as occuring in the southern part of the lake; being hard, coarsely crys- a 
talline, highly magnesian, and weathering to a deep-brown colour. 1 oa 
ZZ much resembles the dolomites found in the Eastern Townships of Quebeat! 
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in association with the altered rocks there; and such limestones may * 
very probably occur inter-bedded with the dolomitic schists already ie 
described, but in parts of the series, which from their more readily de-- a 
composable nature, are generally concealed by water or overgrown by | a 
woods. ae 
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‘ 83. North of this on a small island, a rough greenish schist appears, 4 ae 
Be: spotted where weathered, and having a strike of N. 75° KE. Itis in contact 
te | to the north with a thinly cleavable nacreous schist, minutely undulating ; : 
i and of white and reddish colours. Another small island nearly on the a 
* same line of strike shows a rough, green, and rather hard chloritie dees ee 
P| - dip N. 5° E. < 55°. 3 ae 


84. Lacrosse Island, so-called on Dr. Bigsby’s map,* and deriving its 
name from the fact that some parts of it are level and open, and have been oa 
. used by the Indians at one time, for this, their favourite game, lies about 

nine miles south of Rat Portage. Its extreme south-western point is 
composed for at least 100 feet of dark-coloured diorite, rather fine-grained, — 
and with little segregations of epidote where in contact with the slates; 
but coarser and porphyritic at some distance from them. ‘The line of 
junction with the stratified rocks is vertical, and runs very straight, with 
a course of 8. 25° EK. North of this, for nearly half a mile; the western ‘a 
shore is composed of Very thinly cleavable schists, whitish and greenish in “ee 
tint, and though regularly bedded, minutely undulated throughout; strike 7 
N. 58° E., dip northward < 88°. The shore for about a mile, is then 
occupied by greenstone conglomerate and associated rocks, forming a 
belt, with a breadth of about half a mile across the strike, which was 
observed to be N. 46° E. at the southern, and N. 78° E., at the northern — 
edge. The rocks are hard and compact, and though breaking with a 


Ph 


he : 
>» 





* Called by the Indians Pa-ga-ta-wa-minis, 
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rough surface, the fracture passes indifferently through pebbles and 
matrix, as do also the jointage planes of the rock. It is only on a 
weathered surface that the structure is plainly apparent. This belt of con- 
glomerate was not observed westward, in the vicinity of the main shore 
of the lake, and if it does not thin out altogether before reaching that 
place, is probably but feebly represented. It is possible, however, from 
the attitude of the strata to the north and south of this mass on Lacrosse 
Island, that it may be brought up on the ridge of an anticlinal, the axis 
of which dips away westward. The rock succeeding this northward, 
and forming the northern part of the island, is a whitish, somewhat 
nacreous schist; which, if the last supposition is correct, must represent 
that forming the southern part. 

| 85. The band of slates lying north of the Lacrosse Island conglome- 
rate, was seen also in several places along the main shore, and neighbour- 
ing islands lying to the north-west. The southern part seems to consist 
mainly of soft green and greenish chloritic schists, which are peculiar in 
weathering rough, and showing pitted surfaces. These schists were found 
to have in one place on the mainland, a strike of N. 43° E., vertical, or 
with a high dip north-westward. They are succeeded to the north by 
whitish and greenish thin-bedded silvery schists, and the most northern 
part of the belt there examined, consists of chloritic, but rather hard, 
green schists, with small intercalations of dolomite. The same belt, 
where crossed a few miles eastward, among the islands north of Lacrosse 
Island, appears to be much more altered, wherever exposed to view. It 
is probable, however, that as this is an open reach of the lake, the greater 
part of the softer beds has been removed. Immediately beyond the 
north end of Lacrosse Island, a small island shows hard whitish schistose 
rock, with some greenstone conglomerate. Strike about N. 48° E. 
vertical. Many parallel crack-marks appear, having a course of N. 
80° E. Half a mile further north, a second island shows hard green 
altered rock, with a probable strike of N. 35° E. Still further north, and 
near where the dolomitic zone seen on the mainland should pass, 
according to the strike, a hard green altered rock appears. 

86. This schistose belt is defined northward, on the mainland, by a bed 
of conglomerate which comes to the shore at the end of the large point, 
which, a mile or two north of Lacrosse Island, constricts the width of the 
lake to about two miles. It resembles a breccia, the fragments being of 
all shapes, and varying much in size. They are mostly of quartzite, and 
imbedded in a greenish chloritic base. It dips N. 17° W., at a high 
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angle. This rock was not observed on the east side of the lake, but may 
very possibly be represented there. 

87. North of this, another extensive belt of slate rocks crosses the 
lake, but the strata in this region are not regular, and it is difficult to cor- 
relate the beds except in a general way. The first rock observed beyond 
the conglomerate, on the west side, was a close-grained grey schist, with a 
strike of N. 55° EK. A mile beyond the conglomerate, similar schistose 
rocks were observed, and again vertical. Rough, green, and rather soft 
chloritic schists then appear, and are the predominant rocks till within 
about half a mile of the north-west end of the lake. On the eastern side 
of the lake, near where the strike of the last-mentioned greenstone would, 
bring it to the shore, and probably in immediate proximity to its continu” 
ation, is a hard green altered rock,with epidote and quartzose segregations, 
and no determinate dip or direction. North of this, thinly laminated 
green chloritic slates occur. Among these, on an island about three 
miles southward from the Hudson’s Bay establishment at Rat Portage, a 
vein a foot or two in width was observed to pass, apparently conforming 
with their strike. The vein-stone was white, but had the appearance on 
the surface of being stained by the decomposition of some ore of copper. 
It was, however, too boisterous to land with the canoe at the time. 
Northward, similar rocks continue, but become harder. A mile from 
the Hudson’s Bay Post, they were observed to have an east and west 
strike and to be quite vertical. About half a mile south of the Post, 
there is a somewhat extensive belt of greenstone-like rocks, which, 
though conglomeritic in places, do not show that character persistently, 
but appear to graduate into compact homogeneous diorite. This belt 
seems to cross the lake just south of its extreme northern shore, and to 
strike into the western side, immediately south of the entrance to Rat 
Portage proper. There its rocks occupy a breadth of perhaps half a mile, 
and are separated from the Laurentian by a belt of slaty rocks of about 
the same width. On this side they appear as compact diorite, but show 
cleavage planes, and resemble the sometimes conglomeritic greenstone of 
the west shore. 


Geology of the Vicinity of Rat Portage. Junction of the Huronian 
and Laurentian. 


88. The Winnipeg River, on leaving the Lake of the Woods, falls 
into an elongated basin, which lies transverse to its general direction and 
stretches westward nearly parallel with the shore of the lake for some 
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distance. The river and lake are only separated by a comparatively nar- 

’ row ridge of rock, through which there are three gaps. The furthest 
west, or Rat Portage proper, does not carry any water; the second or 
middle gap, is that of the Rat Portage Rapids; the third or east one, 
near the Hudson’s Bay Fort, that of the Rat Portage Fall. (Plate 2.) 

89. A band of slaty rocks, with an average width of about halfa mile, 

separates the greenstone-like series last described, from the Laurentian. 
Its lowest beds were seen just north of the greenstone, two and a quarter 
miles westward from the Hudson’s Bay Post, and at the entrance of the 
channel, which leads to Rat Portage proper. The rock is a very fine- 
grained micaceo-hornblendic schist of a dark colour, and quite hard; 
vertical, with a strike of N. 65° E. Entering the ‘viver-like inlet, which 

. leads northward and then westward to the Portage path, similar rocks 
are seen, but rather darker and more hornblendic. They appear to have ' 
a high northerly dip. The portage, from the waters of the lake to those 
of the river, at this place is not more than 150 yards long. The southern 
end of the path passes over Huronian rocks, which may be described as 
considerably altered slates, chiefily hornblendic, greenish-black in colour, 
crypto-crystalline, and silky in lustre. At the water’s edge,—where they 
are worn smooth by the feet of the voyageurs of old time,—they were 
found to be vertical, with a strike of N. 75° E. About half-way across 
the Portage, and at its highest part, the rocks dip N. 17° W. < 48°, and 
are then immediately succeeded by Laurentian gneiss, which is granitoid, 
and of a light pinkish-grey colour; dip N. 30° W. < 89°. The junction 
is so close that one may actually lay the hand upon it, and the separating 
line is remarkably straight and even. Followed about one hundred 
yards westward, it was found to preserve the course of S. 67° W., or 
nearly that of the strike of both series of rocks. The gneiss at this 
distance, has a strike of N. 72° E., and the green slate, just across the 
line of junction, and only a few yards removed, N. 73° E. 





90. About a mile eastward from the entrance to the portage, the lake 

finds one of its exits by a passage at right angles to its shore, down 

q which the water flows over a fine series of rapids. At an island opposite 
this opening, the same greenish hornblendic schist occurs, fine-grained, 

| and sometimes almost chloritic in aspect, as before. A long portage on 
- the eastern side of the rapids leads to the Winnipeg River, and a consid- 
erable breadth of very hard coarse-grained green diorite is exposed, 
which has not the aspect of any of the altered rocks seen in the vicinity 





of the lake. It has all the character of a mass intruded along the line of 
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junction of the gneiss and green slates, though its actual contact w ith 29 
either was not seen. | ae : ‘i. 
91. A mile still further eastward, at the extreme north-eastern : 
corner of the lake, the Winnipeg River, may be said to begin, in a + a 
cascade, which falls northward, across the junction of the Laurentian me ee 
Huronian series, through a narrow passage between rocky cliffs. At the a 
fall, the rock is quite similar to that seen at Rat Portage proper, being a x 
fine-grained, hornblendic slate, much hardened and of greenish colour ; dip 
N.10° W.< 45°. Just below the fall, the red gneiss again suddenly appears _ 
with a dip N. 18° E. < 78°. The line of junction of the formations obtained = 
by protracting that at the fall, to that at Rat Portage proper, coincides 
remarkably with that already obtained by observation on a more limited 
scale at the latter place, and follows the summit of the ridge which 
separates the! river from the lake. A rock quite similar to the erup- 
tive greenstone seen at the rapids, is again visible at the entrance 
to the gorge of the fall. If it really belongs to this mass, it must toward — 
the eastern end depart somewhat from the actual line of junction, and | 
may possibly attain this position by following the strike of the slates. 
92. Notwithstanding the close accordance of the strike of both series 
of rocks, and the direction of the line of junction, the evidence appears to 
be nearly conclusive, that the two formations are here brought together 
by a fault, with an extensive downthrow southward. If they are thus in 
contact merely by sharp folding, the relative position must be reversed, 
as the dips would carry the slate series below the gneiss; and it is diffi- 
cult to imagine such extensive flexures taking place without imparting 
a yet more highly altered aspect to the schists than that which they now 
have. The straightness of the line, and the sharp separation by it of 
the two kinds of rock, also points in the same direction. | 
93. The change in aspect of the country to the north and south of this 
great fault, is very sudden and striking. Southward, the shores of Clear- 
water Lake are generally characterized,—where not caused to assume 
unusual boldness by hardening eruptive rocks,—by low, gently-rounded 
rocky hills, which in their natural state bear a good growth of trees. 
These hills, even when they have been burned over, retain a sufficiency 
of soil to cause the re-appearance within a year or two of a dense uader-— 
growth, giving them a uniformly green aspect from a distance. North 
of the fault, the Laurentian rocks form a succession of boldly rounded and 
tumultuous hills, showing a great surface of bare rock, which may never — 
have been covered by trees, but which more probably has had forest and _ 
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what peaty soil supported it removed at once by fire. These hills also 
appear of light whitish and pinkish colours, even from a distance, and 
contrast remarkably with the sombre aspect of the slates to the south. 


General Distribution and Attitudes of the Rocks. . 


94. From the evidence of the foregoing detailed observations, and that 
which I have been able to collect from other sources, I am inclined to 
believe that almost the entire southern division of the Lake of the Woods, 
known as Sand-hill Lake, covers rocks of Laurentian age, with the possible 
exception of the extreme south-western part, where Upper Silurian lime- 
stone may exist. The evidence concerning this formation will be more 
fully stated in reviewing the drift deposits. The isolated area of 
Huronian, south of the North-west Angle granite, may however, as already 
mentioned, extend further southward than supposed. From Dr. Bigsby’s 
map, the extreme eastern arm of this part of the lake, south of Turtle 
Portage, appears to be much complicated, and may also probably include 
some beds of the green slate series. 

95. The general direction of strike of the Laurentian wherever it 
appears on the west side of the lake, is nearly east and west. Toward the 
extreme south of the lake, the few knolls which rise above the surface, 
show a tendency to north and south strikes, and vertical attitudes. North 
of Rainy River, these rocks run generally east and west, or east-south-east 
and west-north-west. Similar directions characterize the rocks of Bigsby 
Island, while those of the northern islands, and shore of the district of 
Shebashca, show bearings from afew degrees north of west, to north-west 
and south-east. The Laurentian rocks at the North-west Angle, and 
west of it on the road to Winnipeg, have general north-east by south- 
west, or east-north-east by west-south-west bearings. 

96. The Huronian rocks, though conforming to easterly and westerly 
directions in the vicinity of the granitic masses of the Angle, when fol- 
lowed northward, are found to take a north-north-east direction and 
nearly vertical attitude, which they retain in a general way as far as Rat 
Portage, with the important exception of the rocks in the vicinity of 
Ka-ka-ke-wabec, which, for a considerable breadth, run nearly east and 
west. The rocks for some distance southward from Rat Portage, also 
show a tendency to turn. north-east and east-north-east. The forces 
acting at right angles to these directions have been very great, and the 
rocks of this series are almost everywhere on edge ; and though probably 
repeated several times, the evidence of synclinal and anticlinal folds has 
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granite, shown in the general section, being quite local. A well-mar 
synclinal axis appears to lie immediately north of the Small Pro i 
montory, and to have a direction of east-north-east. There is also some 
evidence to show the existence of an anticlinal axis, which would st ‘ik a4 r 
the main shore about a mile south of Ka-ka-ke-wabec, and have a nearly — ‘a 
east and west course. From the attitudes of the rocks, and from the res oe. 
currence to the north of Lacrosse Island, of slate beds characterized i 
by small quantities of dolomite, and resembling those seen north of ae 2 
Ka-ka-ke-wabec, it is further probable, that another anticlinal axis is 
runs north-east through the former. Besides these, however, there ioe — 
be many folds not to be discovered without a minute topographical and zis 
geological study of the whole lake; and it is even possible that over- 
turned folds may occur without their existence being suspected. 

97. Two great series of movements seem to have conspired to give — 
form to the rocks of this region, both of which appear to have been post- 
huronian in date. The first of these apparently produced folds which = 
were not of a very abrupt character, but involved great breadths of strata; 
and which run in a general course a few degrees north of west. The great 
masses of intrusive granite are probably closely connected with this series — 
of disturbances, and are nearly parallel to the axes of the folds. These 
granites intersect indifferently rocks of Laurentian and Huronian age, and. 
are consequently post-eozoic. The Huronian rocks of the vicinity of the 
North-west Angle, are—as already fully stated—much altered by these 
granitic outbursts; and by the superior hardness due to this alteration, and 
possibly also the support of the granitic masses with which they are in 
contact, they have been able successfully to resist the subsequent violent 
north-north-east and north-east folding ;—flexure in these directions at the 
same time affecting the softer remaining portion of the Huronian, and 
bringing them up to a vertical position. These hardened rocks conse- 
quently now show comparatively moderate dips, and east and west strikes 
dependent on the previous disturbance. This arrangement will be clearly 
seen on an inspection of the smaller section, (Sect. 2) the nearly vertical 
rocks at the northern end of which, are the first of those which extend 
with similar attitudes to Rat Portage. ) 

98. The chain of large islands stretching northward from near Rainy __ Deh: 
River, though composed of Laurentian rocks only, is nearly parallel to = 
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the folds of the Huronian rocks in Clear-water Lake ; and is probably due 
to an uplift of hard lower gneiss rocks by action at the second period, 
subsequent to that which has here been the chief agent in folding the 
Laurentian strata of this part of the lake. 

99. Flexures corresponding pretty closely to those above indicated, 
are found affecting Laurentian and Huronian rocks at very distant locali- 
ties. Sir W. E. Logan, in speaking of the Laurentian of the Ottawa region, 
says:—‘ The arrangement presented by the outcrop appears to depend 
on two sets of undulations, the axis of the one running in bearings ap- 
proaching north and south, and of the other in bearings nearly east and 
west, the latter apparently related to the oldest system of dykes. The 
north and south undulations appear to be the more important and more 
numerous of the two, giving to the lines of outcrop in that direction the 
greater number of repetitions and the longer stretches. For about twenty- 
five miles from the Ottawa and North Rivers, the bearing of these axis is 
about N. 10° E.”* Mr. Henry G. Vennor, in discussing the general rela- 
tions of the Laurentian in the County of Hastings and vicinity, in Ontario, 
remarks :—“ The geographical distribution of these rocks shows a series 
of north-east and south-west undulations, throwing the upper division into 
long narrow troughs in these directions. These undulations are crossed 
at irregular intervals by geological elevations which separate the ends of 
the troughs, and by depressions which unite their sides.” + The latter, 
on reference to his map of the district, are seen to have north-westerly 
courses. The rocks of supposed Huronian age which are now being found 
by the Geological Survey among those of Laurentian date, in widely 
separated localities, also run in belts with general north-east and south- 
west bearings. It would thus appear, that the disturbances affecting the 
Laurentian and Huronian formations have not only been very violent, but 
very uniform in their action over a great extent of country, and indeed 
to have operated on an almost continental scale. 

100. The granitic mass of the North-west Angle and vicinity, which, 
as already mentioned, is of post-huronian age, if it runs eastward through 
the promontory separating Clear-water and Sand-hill Lakes, as suggested 
by Dr. Bigsby, probably closely follows its northern edge; as in treating of 
this part of the border of the lake, Dr. Bigsby mentions several districts 
of five or six miles in length each, showing a rock resembling syenite. 
This term might well be used in describing large areas of the mass where 





* Geology of Canada., p. 43, + Report of Progress Geol. Survey of Canada., 1870, p. 145. 
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the existence of a considerable breadth of syenitic-greenstone and gre 
The direction thus indicated for the extension of the intrusive granite, 
appears to be further confirmed by the exceedingly even contour of the | 
shore as shown on the map, a feature which in other parts of the lake is sc 
found to arise from a parallel band of hard altered, or igneous rock ; a 
which, in this case, has maintained itself against the prevalent direst 
of glaciation. It would also agree with the general course of the mass — a 
where last seen to the eastward, and with that of the fold in the one f s: 
mentary rocks, which it appears to follow. The granite resembles we 
appearance that described as cutting ee typical Huronian and 
Laurentian rocks on Lake Huron.* 
101. Though the complicated structure of the rocks in the vicinity — 
of the Lake of the Woods, renders it impossible to give a detailed section E Be 
of the formations there exhibited; an approximate idea of their 
arrangement may be obtained. The Tiana formation appears tobe : 
represented, first, by a great thickness of granitoid and thick-bedded 
gneiss, generally pinkish or reddish in tint, and characterized by ortho- 
clase felspar. This passes upward into thin-bedded gneisses, and highly oe 
crystalline micaceous and hornblendic schists, often more or less epidotic. , ae 
The Huronian rocks are much more variable in character, but the lowest — os 

































granite, and are, for the most part, hard green rocks with little trace of = 
stratification, but hold some well stratified micaceous and chloritic schists, ; ao 
and also the imperfectly characterized gneiss already. referred to. — os 
($ 56-57.) On these rests a very great thickness of massive beds, 
characterized by the predominance of conglomerates, but also including 
quartzites, and compact dioritic rocks. Above these is an extensive 
series of schistose and slaty beds, generally more or less nacreous, and = 
chloritic or talcose ; but often hornblendic and micaceous. They include — ! 
also some conglomerate, quartzite, and diorite beds; but how often these 
recur, or on what horizons, it is as yet impossible to say. ; 












Lithological Character and Age of the so-called Huronian. i . 


102. The rocks spoken of throughout as Huronian, show coniiaet ia 
able resemblance to the typical series of that age, as described on 
Lakes Huron and Superior, but differ markedly in some points. They = | 








*Geology of Canada., p. 58. 
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Pet - also resemble those of the Quebec group, as developed in the Province of 
Quebec, but do not, so far as known, hold serpentines in the region now 
in question. 

103. The conglomerates have been already fully described as to their 
distribution ; they must occur at several different horizons among the 
slaty rocks, but cover the greatest breadth at the narrow part of the lake 
north of the Angle Inlet. The particular series there shown must be 
of immense thickness, and appears to grow thicker when followed east- 
ward. A similar tendency to increase in importance eastward, was 
observed with other belts of these rocks, in different parts of the lake, 
and agrees with their general inconstant character. 

104. Perhaps the most usual form of the conglomerate is that which 
may appropriately be designated Slate Conglomerate. The whole rock is of 
a green colour, varying between the tint of epidote and that of the lighter 
shades of hornblende, and possibly in some instances due to a develop- 
ment of both minerals, though, generally I think to the latter. Where 
a good weathered surface is exposed, the rock is seen to consist of nu- 
ss merous fragments of irregular shape, which in appearance resemble the 

harder parts of the associated slate rocks. These are imbedded in a matrix 

composed of similar compact green material, and joints—which are fre- 

: quent in some localities—cut evenly through both. On a freshly broken 

| surface no clear distinction appears between the fragments and the en- 

closing material, and the rock only differs from the more compact altered 

- schists and slates in its rougher surface of fracture, and a somewhat 
spotted appearance. 

105. Another form of the conglomerate, which has been called by Dr. 
Bigsby and others Greenstone Conglomerate, appears to consist of roughly 
fractured pieces of somewhat crystalline diorite, the whole enclosed in a 
dioritic paste, similar in colour. The fragments in this species are often 
larger, and the rock they compose is very compact. A third variety con- 
sists largely of quartzite and quartzose rocks, angular fragments of which 
are found imbedded in a greenish mass, or sometimes in a base also ap- 
parently of quartzite and of grey and greyish-green colours. 

106. The whole of these rocks appear to be uncertain in their exten- 
sion, and one is sometimes found replacing another seemingly in the 
same strike. They are associated generally with compact dark-coloured 
dioritic beds, which do not show any fragmentary appearance, but which 

are not so coarse in texture as the well characterized intrusive diorites. 
The quartzites also show a tendency throughout this region to run with 
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the conglomerates. The conglomerate rocks, have as a whole much the 
aspect of volcanic breccias, such as those found in association with the 
older Silurian series in Wales and Cumberland; and volcanic action would 
appear to offer the most reasonable explanation of their origin and dis- 
tribution. Their association with the greenstone-like beds, would also then 
be explicable, as the ejection of rock fragments and lapilli, would probably 
be accompanied by the outflow of molten rock in the same neighbourhood; 
or many of these layers may have originally been ash-beds formed of 
the finer detritus from volcanic vents. The material of these, having been 
at one time in a state of fusion, would have the chemical composition 
of hornblende, pyroxene, felspar, &c., and would yield more readily 
to a subsequent metamorphism than the surrounding beds of detritus 
formed by subeerial weathering and transported by water, and from 
which a great part of the basic constituents had been removed. These 
rocks and the conglomerates, which have been united under the dark- 
green colour in the appended general section because of their associa- 
tion, would in this case be properly classed together from their similar 
origin. 

107. A point of difference between the rocks of this series, and those 
of some parts of the typical Huronian of the localities already mentioned, 
is the entire absence of fragments of the underlying granitic and gneissi¢ 
beds in the conglomerates and breccias. Fragments of their reddish 
felspars do not even occur among the quartzites, nor are rocks of reddish 
tints, such as might arise from their disentegration found. This is a 
remarkable fact, and might seem to indicate that the Laurentian had not 
suffered much metamorphism before the formation of these rocks, and 
consequently that they are older than the true Huronian. The appear- 
ance of conformity with the Laurentian, of the rocks of this and other 
similar, but widely separated areas; and their resemblance to some rocks 
deseribed as Laurentian in Hastings County, and elsewhere, would 
appear to point in the same direction. * 

108. The absence of altered Laurentian rocks in the composition of this 
series may, however, be supposed to show that their formation took place 
at a period subsequent to that of the typical Huronian, but before the vio- 
lent disturbances which brought large areas of Laurentian again under the 
influence of denudation ; and that their material was almost wholly de- 


“ *Sce on the latter point, Geol. Canada., p. 31. Report of Progress Geol. Surv. Canada. 1866, p. 91, et 
seqg., and foot note to p, 93 ; also 1866-69, p, 143, et seq. 
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rived from the degredation of comparatively unaltered Huronian rocks. 
From the occurrence of nacreous schists, and other points of resemblance 
to the rocks of the Quebec group, the latter supposition may probably 
prove to be the correct one, and these rocks be classed as nearer in age 
to the Quebec group than the true Huronian. Mz. Selwyn, in treating of - 
similar rocks explored by him north-west of Lake Superior, writes: “As 
regards the age of these so-called Huronian rocks, the evidence is not of 
the most satisfactory kind. While stratigraphically they rest directly 
upon highly crystalline and typical Laurentian gneisses, mineralogically 
they resemble as closely the chloritic, epidotic, and dioritic strata of the 
altered Quebec group, as they do those which on the shores of Lakes 
Huron and Superior are referred to the Huronian series.” * All that can 
be definitely said with regard to the age of these rocks in the region of 
the Lake of the Woods, taken by itself, is that they are newer than the 
typical Laurentian, there largely developed, and older than the little 
altered and nearly horizontal Lower Silurian limestones of Fort Garry 
and Lake Winnipeg. 

109. Numerous localities present opportunity for the study of the na- 
ture of metamorphism experienced by the rocks of the green slate series, 
when approaching intrusive masses. The chloritic, talcose, and nacreous 
slates, are observed, when nearing such a centre of alteration, to become 
harder and less finely fissile, and to assume green and grey-green colours 
from the formation of crypto-crystalline hornblende, and possibly also of 
epidote. They next become still harder and more compact, changing to 
a green altered rock, characterized by hornblende, and in which the ori- 
ginal bedding can sometimes scarcely be distinguished. Where imme- 
diately in contact with the eruptive rock, this is generally still further 
changed to a grey soft gneiss, by the appearance of mica in place of 
the hornblende. The conglomerates generally show a tendency to pass 
from hard green altered rock, to rocks of a roughly gneissic character, 
which still exhibit remains of the component fragments on fractured 
surfaces. 

110. A tableshowing the character and directions of all the dykes and 
intrusive masses is appended. The granitoid gneisses and intrusive gran- 
ites are universally cut by veins of red orthoclase felspar, associated with 
white quartz. These appear to be true segregation veins, formed by a 
re-arrangement of the materials of the rocks themselves in cracks, gener- 








* Report of Progress Geol. Surv. Canada., 1872-73. 
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ally irregular, and with no very determinate direction. They are also 
common among hornblendic and altered rocks surrounding the intrusive 
masses ; and the latter, in such places, are probably not far below the sur- 
face, and have supplied the materials filling the veins. They have been 
seen to cut across granitic dykes, which are probably outlying spurs 
of the main masses. The granite and granitoid rocks of the southern 
part of the lake were also observed to be penetrated by the very 
large coarse-grained diorite dykes already described. These were 
not sufficiently well exposed to warrant any very definite statements 
concerning them, but appeared to have general east and west courses, 
and may very probably be among the oldest of the intrusions. 
Other diorite dykes, very hard and compact, cut both the granitic out- 
bursts, and altered Laurentian rocks, with a general bearing of north- 
east and south-west. These are specially frequent in the vicinity of 
Flag Island. 


Occurrence of Minerals of Economic Value. 


111. Minerals of economic importance, though carefully looked for 
throughout the district, were not observed to occur in any quantity. 
The existence of a vein with at least traces of copper, has been already 
mentioned, and I have been shown specimens of copper pyrites from 
several parts of the lake which I had not time to visit, which give 
ground for believing that workable and valuable deposits of this ore may 
yet be found. Small quantities of molybdenite were observed in connec- 
tion with the altered rocks in one place. Slaty rocks, though abundant, do 
not assume the character of true roofing-slate in any part of this region 
which I have visited. It is not always possible to ascertain how much 
of the cleavage of the rocks is due to bedding, and how much to true 
superinduced slaty-cleavage. The Huronian rocks are so closely pressed 
together, that the two seem often to coincide; and I did not observe any 
clear instance of slaty structure forming a considerable angle with the 
bedding. Of soap-stone, though not actually observed in place, I have 
seen specimens from localities in the south-eastern part of Clear-water 
Lake. Small quantities of magnetic iron sand are found along the 
shores of the southern part of Sand-hill Lake, but this mineral is 
known to be disseminated in small crystals through many parts of the 
Laurentian. 

112. Rocks of similar age and character to those here called Huronian, 


and which occupy the whole of Clear-water Lake, are known to be metal- 
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erous in other regions, and more especially in the country north and — 


of Lake Superior. They are there found to yield silver and gold " 

in paying quantities, and also contain copper and iron ores, and it is no * 

_ improbable that systematic investigation of the rocks of the Lake of the 3 

~ Woods may lead to similar discoveries. The examination and definition peg 
Bey, OF these bands of newer rocks among the Laurentian, therefore becomes es 

fy ih important in view of future mineral discoveries, as well as interesting ih 

ein purely geological point of view. 
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like those of Series B. and D.—Underlying beds—Upper red beds —General 
conclusions—Period of elevation of the Mountains. 


General Features. 


113. The eastern ranges of the Rocky Mountains in the vicinity of 
the forty-ninth parallel, have not heretofore been geologically examined. 
The explorers of the Western Territories of the United States, have not 
yet penetrated so far to the north in this region; and Dr. Hector’s 
observations do not extend southward in the range, beyond about latitude 
50° 30’. Lieutenant Blackiston, originally attached to Captain Palliser’s 
expedition, crossed the mountains by the South Kootanie, or Boundary 
Pass, and gives a map and profile of it in his Report to the Imperial 
Government,* but has not furnished any geological notes. | 

114. The eastern ranges, where the forty-ninth parallel intersects 
them, seem to be retreating north-westward, in a step-like manner, or 
en échelon; the line formed by the base of the mountains as a whole, not 
coinciding in direction with that of the component ridges. <A similar 
structure appears to occur frequently both to the south and north of the 
region now in question. Chief, or Chief's Mountain, which on Palliser’s 


map is placed on the Boundary-line, was found to be about four miles to. 


the south of it. The Line, however, strikes into the hills and abrupt 
ridges surrounding its base; and then crossing the narrow valley of the 
South Fork of the Belly River, passes over the Mt. Wilson Range, of 


* Further Papers Relative to the Exploration under Capt. Palliser, &c., 1860. 
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Blackiston, and next intersects Waterton or Chief Mountain Lake, 
which lies at the foot of the principal range. The Line thus runs for 
about fourteen miles through an outlying mountainous country, which, 
by a detour of a few miles to the north, may be entirely avoided, and 
waggons brought to the north end of Waterton Lake without difficulty. 
115. The general structure of the main, or water-shed range, is very 
simple, and so far as I have been able to examine it, appears to be very 
constant ; though often complicated by smaller superposed flexures and 
faults, which from the very clearness with which they are shown, in the 
sides of the bare rocky peaks, are apt at times to lead to confusion. The 
width of the range is about twenty miles, and the height of its highest 
summits in this latitude is not over about 10,000 feet. The rocks of the 
eastern and western borders are found to dip inward toward the water-shed 
line, and generally do not lie at very high angles; while the central 
mountains frequently show rocks not far from horizontal, or affected by 
local and irregular dips, and often exhibit some of the highest beds 
of the series. When these latter beds appear in the central region, 
they may form a part of the general synclinal of the range; but when 
older rocks are found, they are probably separated by faulting from those 
of the edges, as appears to be the case in the South Kootanie Pass. In 
the outer ridges of the range, the highest peaks usually occur, and 
the attitude of the rocks determines to a great extent the forms of the 
mountains, which generally have their steep sides facing outward, 
and resemble waves curling over to break to the east and west, their 
inner sides sloping more gently along the dip of the beds. (Sect. 4.) 


Rocks in the Vicinity of Waterton Lake. 


116. Disregarding for the present the eastern outlying ranges, I shall 
describe the rocks seen in the vicinity of Waterton or Chief Mountain 
Lake, which include the lowest observed in any part of the region. The 
lower beds are brought up by an irregular anticlinal fold, which crosses 
the lake near its northern end, with a north-west and south-east direction. 
They consist of a series of impure dolomites, and an overlying limestone, 
which I did not elsewhere find exposed, but which are here well shown 
on both sides of the lake. 

117. The dolomites, which for convenience of reference I shall call 
Series A., present a very remarkable appearance in the bare mountain 
sides from the peculiarity of the tints assumed by them on weathering, 
which are for the most part bright reddish, and yellowish browns; and 
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alternate in broad belts, according with the stratification. The bedding 
is very regular, and is marked, besides the alternation of tint, by the 
erosion of some softer layers composed of thin flaggy beds, which 
alternate with massive compact layers several feet in thickness. The 
fracture of the more massive portions is conchoidal, with a dim lustre, 
and the colours of freshly broken surfaces are much less marked than 
those of the exterior, and vary from light grey, to dull purplish and flesh- 
colour, some beds being a pale pink. 

118. The structure of the rock is generally very close and fine, and 
from the preponderance of sedimentary matter, it frequently more re- 
sembles a metamorphosed mud-rock, than a true dolomite. It does not 
effervesce in cold dilute acid, but on heating gently, a brisk action 
commences ; and when the whole of the magnesian and calcareous matter 
has been removed, a coherent, though brittle mass, remains. This, when 
examined microscopically, is found to consist of very fine and uniform 
argillaceous and silicious particles. The exposed surfaces are generally 
decomposed to a depth of afew lines. Small grains of iron pyrites are 
sometimes included in the rock, but no organic forms of any kind were 
discovered. 

119. Of these rocks, at least seven hundred feet in thickness is 
exposed ; they are well shown at the Cascade on the western shore of the 
lake, but to the south soon dip out of sight, and overlying beds come 
down to the water level. The southern end of Waterton Lake, 
I was, however, unable to examine in any detail, from the precipitous 
and impassible nature of the mountains surrounding it, and the impossi- 
bility, in the short time at our disposal, of making a servicable boat or 
raft. . 

120. Resting directly on these peculiar dolomites, is a very massive 
bed of limestone, also dolomitic, which forms a prominent feature from 
the chalky-white aspect of its weathered surfaces. It may be designated 
by the letter B., and has a probable thickness of about two hundred 
feet, and includes at least one well-marked band of coarse magnesian 
grit. The limestone on fresh fracture is of a pale-grey colour, and has a 
highly metamorphic aspect. It is very close-grained and compact, and 
breaks with a splintery fracture, the original planes of deposition being 
almost entirely lost. Some layers are exceedingly cherty, the siliceous 
matter being at times aggregated into well-defined nodules, but more 
usually disseminated, and forming an irregular skeleton, which gives 


to some weathered surfaces of the limestone an exceedingly rough 
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appearance. With acid, the rock hardly efferveses in the cold, but on 
gentle heating is rapidly dissolved, leaving a comparatively small amount 
of residue, which, under the microscope, appears not to be of a detrital 
nature, but to have the form of minute concretions produced during the 
metamorphism of the rock, by the re-arrangement of the silica. There 
does not appear to be any unconformity between this limestone series and 
that of the underlying impure dolomites, of which it may be considered 
an upward extension. It indicates, however, a well-marked change in 
the character of the deposit; depending on the exclusion of the fine 
detrital matter forming so large a part of the previous beds,—a change 
brought about, perhaps, by the deepening of the sea. The limestone, 
where it crosses the lake folded into the anticlinal already mentioned, 
from its superior hardness, forms a projecting point from either 
side, and a transverse reef which almost divides the sheet of water 
into two. 

121. Series C. overlying the last, is well exposed in the bare sides of the 
mountains on both shores of the northern end of Waterton Lake. On the 
east side, a great portion of the western front of Mt. Wilson is composed 
of it, while to the west, a mountain rising about 4,000 feet above the 
lake, is almost entirely formed of these beds, which have there been 
subjected to violent flexure. (Sects. 6 & 8). Asa whole, this division 
of the section may be described as consisting of hard quartzites, sand- 
stones, slates and shales; and its most remarkable feature is the rapid 
alternation of beds differing in colour and texture. Various shades of 
green, purplish-brown, red, and white, are the most prevalent tints. 

122. In the almost vertical western side of Mt. Wilson, about two 
thousand feet of these beds is seen. They lie directly on the last 
mentioned white limestone, and if any unconformity exists it was not 
observed. Here two pretty thick bands of magnesian grit appear among 
the other rocks of the series, and may be distinctly traced along the 
mountain side for some distance. At one end of the section a considerable 
thickness of red beds occurs, as the highest in Series C., and in some 
places these are seen to underlie directly the limestone of Series D., next 
in order, while in others they are wanting, and D. rests on the lower 
green slates and sandstones, showing a well marked unconformity. 
(Sect. 6.) The mountain on the western side of the valley of the lake, 
shows but a single band of the magnesian sandstone, which is very 
irregular in its thickness. The red beds are only clearly seen in a few 
places, and faults may exist which complicate the structure more than is 
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apparent. There seems, however, to be above the red band, a cor 
able thickness of slaty rocks, which are altogether wanting in the 
section. 


Rocks in the Kootanie Pass. 


123. The beds of Series ©. are, however, best displayed in the sid 1 
of the South Kootanie Pass,—which enters the mountains three and at ? 
half miles north of Waterton Lake,—and were there separated for cor sa ; 
venience of reference into five subdivisions. The rocks at the entrance ce Re 
to the pass have a general south-westerly dip. The lowest seen were in * 

the bed of the brook, and must be well down in the series. They consist a 
of hard greenish slates and compact thin-bedded quartzites, much resem- a 
bling those underlying the magnesian sandstone, in the last mentioned : 4 
locality. In the mountain on the north side these were seen to be over- ae om 
laid by reddish, greenish, and bluish-grey sandstones, with some slaty 3 
beds, all considerably altered; but which form a talus, and are not very a 
well exposed. These were designated subdivision 1. ; 2 al 

124. About midway up the mountain, a massive bed of magnesian 
sandstone or grit, appears, and constitutes subdivision 2. It must be 
about fifty feet in thickness, and great blocks of it which have broken off 
from time to time, are now strewn round the foot of the slope, and 
encumber the pass. It no doubt corresponds with one of the similar- 
beds already described as occurring near Waterton Lake, and lithologi- 
cally, also bears a close resemblance to that intercalated in Series B. It 
is composed of large well-rounded grains of transparent quartz, with 
occasional darker particles—the whole imbedded in an opaque white 
calcareous and magnesian matrix, which rapidly turns brown on exposure 
to the weather. m 
125. Next in the series, and forming the summit of this mountain, is . 

a considerable thickness of red, greenish, and bluish-grey sandstones and 
slates ; which, by their alternation give the cliffs a curious banded appear- 
ance. They resemble those of subdivision 1, and may be named 
subdivision 3. 


126. A series of bright-red beds appears on the slope of the mountain ' 
on the south side, overlying the last; they constitute subdivision 4, and 


represent those already noticed as occurring in Mt. Wilson and elsewhere. — 
In following the trail along the north side of the valley, they come down 
almost to the level of the brook, about one and a quarter mile from the 
entrance of the pass. Their thickness at this place must be about two 
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hundred feet, and from their exceedingly bright colour, they constitute 
wherever they occur, an excellent reference horizon, and may often be 
detected even at a great distance. They are hard, red, thin-bedded sand- 
stones, with frequent thin intercalations of red argillaceous material, and 
one or two beds of small thickness, composed of pale-greenish, shaly 
quartzite. A fifth subdivision which intervenes in some places between 
the red beds and the base of the limestone above, is not well seen in this 
part of the valley. 
. 127. Five miles westward in the pass, the valley forks, one branch 
taking a north-westward direction, the other running west-south-west. 
The trail also divides here; one track, which does not appear to be much 
used, taking the former, while the other takes the latter direction, and in 
doing so, follows the main stream of the brook. The north-western 
valley was not examined in detail, but the mountains surrounding’ it 
afforded from a distance, a fine general section of the rocks from Series 
C. upward. | 
128. In following the main valley, after crossing the brook, the trail 
for about half a mile runs parallel with the axis of a gentle anticlinal 
which has an east and west course, and passes eventually into the 
mountanious point which separates the two vallies. In the bed of the 
brook, and well down among the variegated sandstones and quartzites of 
subdivisions 1 or 3 of Series C., isan extensive exposure of diorite. It 
appears to be intercalated between the beds, but is probably intrusive, as 
it was not elsewhere seen. Over twenty feet in thickness is exposed. 
The rock is so traversed by fissures as to render it almost impossible to 
break off a clean-faced specimen, and is dark coloured and compact. 
Some large fragments found in the brook, which appear to have been 
derived from the same bed, show remarkable stellar aggregations, several 
inches in diameter, of pale green felspar crystals. Below the diorite, and 
in the bed of the brook, an extensive series of banded red and green 
sandstones and quartzites, with occasional white quartzite layers, 
appears. The beds are not inclined at high angles, or much disturbed, 
but are somewhat corrugated on a small scale. A species of slate con- 
glomerate* is also not uncommon, though not generally occurring in beds 
more than a few feet in thickness. The rock so designated, is generally 
a greenish or white quartzite, enclosing small irregular fragments of 


* Though the name slate conglomerate best describes the constitution of this rock, it differs much in 
appearance, and probably also in origin, from the Huronian slate conglomerates, ($ 104.) 
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green, or red, close-grained slaty rock. These slate conglomerates are 
not uncommon at several horizons in Series C., and fragments of them 
have been recognised among the drift deposits far out on the plains, 

129. The crest of a remarkably bold peak on the north-west side of 
the pass, at this place, is composed of thick limestone beds, forming Series D. 
of the general section. They weather light-brown, and fawn-colour 
on exposure, and are found to enter largely into the composition of all 
the mountains of this region. When, as in this instance, they form the 
summits of a peak or ridge, disintegration proceeding most rapidly along 
vertical lines of fracture, produces extremely picturesque and rugged 
outlines. When, however, merely exposed in the side of a mountain, and 
still covered by other beds, they form steep terraced slopes or perpendi- 
cular cliffs quite different in aspect. The upper beds, are generally more 
frequently divided by horizontal planes than the lower. The entire 
thickness of the series must be about one thousand feet. 

130. About four miles beyond the division of the valley, or Kast Fork 
of the trail, a thick bed of contemporaneous trap appears on the tops of 
the mountains on the north-west side, overlying the limestone. This bed, 
which is designated in the series by the letter E., must here be over fifty 
feet thick, though any very precise estimate could not from its position 
be obtained. Great blocks of the trap have fallen into the valley below, 
and increase the difficulty of the trail. The rock is a dark-coloured and 
very compact diorite, but has numerous amygdaloidal cavities. Series F. 
and G. occur overlying the trap in this part of the pass, but were not here 
examined. 

131. A deep transverse valley, filled in some placés with fine spruce 
woods, lies along the eastern base of the actual ridge of the water-shed, 
and from the brook flowing in it, to the summit of the water-shed, an 
ascent of 1,022 feet is made by the trail; which here becomes exceedingly 
steep and hardly practicable for heavily laden pack animals. The rocks 
of the water-shed ridge apparently belong, in this place, entirely to Series 


C., but other beds may also be represented, as the exposures are not very 


good. From the evidence, I have been induced to indicate a fault on the 
weneral section, as separating these from the last described westerly- 
dipping beds of the valley, though their relation was not actually 
observed. 

132. The height of the water-shed where crossed by the trail, as 
indicated by the mean of three closely corresponding readings, taken on 
as many different days, and compared with Mr. Fish’s nearly simul- 
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taneous observations at the West Butte, was 6,673 feet.* Lieutenant 
Blackiston, in 1858, made the height 6,030 feet, by a single observation 
in unsettled weather. The trail descends on the west side of the water- 
shed ridge very rapidly, and at the distance of three quarters of a mile, 
crosses a little brook which lies 1,325 feet lower than its summit, and 300 
feet below the stream last crossed on the east side. It next passes for 
about two miles along the face of a very steep hill-side, when a descent is 
again made to a piece of flat ground in the bottom of the valley, covered 
with a scattered erowth of young pines. (P. contorta, var. latifolia Eng.) 
This place may be called the West Fork, as a second valley as large as 
that of the pass, here comes in from the south-east. The rocks in the hill- 
side last mentioned, dip generally north-westward ; they appear to belong 
to the same series as those of the watershed ridge, and to be included, — 
at least for the most part,—in division C. The lower part of the hill is 
composed principally of greenish slaty-rocks and sandstones, while at the 
higher levels, red sandstones preponderate, and are seen to be overlaid 
just north of the West Fork, by a remnant of the great limestone D. 

133. Westward from the West Fork, the Valley of the Pass was 
examined for about four miles. It is here hemmed in by two immense 
mountain masses, which were at once recognised as Mts. Yarrell, and 
Kirby and Spence, of Lieut. Blackiston. ‘The rocks in these havea 
general easterly and north-easterly dip, and appear to be unconnected 
with those of the central region last described, and probably separated 
from them by a fault. About a mile from the Forks, in the north side of 
the Pass—which as before offers the best section—a great series of 
reddish sandstones, often in quite massive layers, is found. The tint is 
most pronounced in the upper layers, the lower becoming interstratified 
with thin beds of yellow-weathering magnesian limestone, often con- 
cretionary, which finally preponderate in giving colour to the strata. 
These rocks represent Series F. and G., elsewhere more fully noticed. 
Below them, and forming a prominent feature, is the trap bed EK. It 
retains its character as before described, but in Mt. Yarrell, is much more 
important, and must be at least 100 feet in thickness. The great 
limestone D., is here also shown, underlying the trap; and is well situated 
for examination, as the whole of the beds come down in succession on the 
trail. It is not so highly magnesian as the limestone B., and generally 





*The observations were as follows:—Aug. 15th, 11,25 A.M., 6,682; Aug. 16th, 11.20 A.M., 6,678; Aug. 
20th, 10.20 A.M., 6,659. 
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efferverces freely without the application of heat. ‘It is ha rd and 
DeeeRONBhICy, but close-grained, and not crystalline. ‘The col : 


shade to a rah bluish-grey ; some layers, ate however, a vol 
tinge. Weathered surfaces are pale-brown, fawn, or buff-coloured, ‘ 
show an irregularity of structure which is not apparent on fracture, 

seems to arise from the npeaye resistence to the weather of parts more — 
or less largely impr egnated with magnesia; the differentiation be gir aa 
produced by some sort of segregative action. The more highly magne: is 
layers are at times arranged in planes parallel to those of deposition,, b ae 
also, not infrequently, quite irrespective of it. 

134. Below the limestone the lowest beds here seen occur. They are Res 
composed of the variegated sandstones and slates of Series C. The she : ‘ 
mer are generally reddish and greenish, the latter grey and green, t ; 
there are also many bands of white quartzite of small thickness. a a 
marked unconformity between this series and the limestone is here . . 
observable, but subdivision 4 was not recognized, and it would seem that B 
the limestone here rests on No. 1 or 3. The sandstones and slates also 
seem to be much more metamorphosed than any of the rocks higher in 
the series, and are beautifully plicated on a small scale. 

135. I was unable to observe the rocks further west than this point : 
which is about five miles from the Flathead River. The mountains were 
here, however, decreasing in altitude, and the watershed range was nearly 
passed through. 


Rocks near the Boundary Monument. 


136. In the valley which runs south-eastward from the West Fork, 
and leads almost directly toward the Boundary Monument on the water- 
shed, the rocks exposed in the hill-sides are chiefly red, or reddish sand- 
stones, generally rather thin-bedded, but sometimes massive. They 
belong for the most part to the upper red Series G. Series HZ., composed 
of flaggy fawn-coloured beds, which are no doubt magnesian limestone or 
sandstone, forms the soft-outlined and crumbling summits of some of the 
mountains on the south-west side. These rocks—the highest observedin 
the mountain region—were not closely examined, though a greater or 
less thickness of them was frequently seen resting on Series G., and _ 2 
differing from it markedly in colour, it was always at.a great height 
above the valleys. 

137. The spot known as Camp Akamina, the eastern terminal — 
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station of the old North-west Boundary Commission, is situated at the 
head of the valley just described. It has an elevation of about 6,000 feet 
above the sea, and is a sheltered hollow characterized by thick spruce 
woods of fine growth. The Boundary Cairn is placed on the watershed 
about a mile from the camp, and though built thirteen years ago was 
found in perfect preservation. It is important as marking not only the 
forty-ninth parallel or boundary between British North America and the 
United States, but as lying at the adjacent angles of British Columbia 
and the as yet unorganized North-west Territory. 

138. Near Camp Akamina the rocks are red sandstones, but are not 
_ well shown or regular in position. In a mountain-side between the camp 
and the Boundary Monument, however, a very good section is exposed ; 
and here the structure of series F. and G. of the general section was 
best seen, and over six hundred feet in thickness examined. The section 
may be taken as embracing the lower beds of Series G., and the whole of 
Series F. The highest beds examined consist almost entirely of flaggy 
dull-red compact sandstones, which are frequently ripple-marked. Above 
them about two hundred feet of similar reddish beds was visible in distant 
hill-sides, and these again were overlaid by the upper fawn-coloured 
Series H. In descending, these begin to alternate with beds of grey and 
fawn-coloured sandstones, the latter magnesian, and whitish on fresh frac- 
ture. Lower in the section, while red and reddish-purple sandstones 
still continue, whitish and fawn-coloured limestones,—frequently concre- 
tionary,—are intercalated, and become thicker and more frequent toward 
the base. The lowest rock seen in Series F. is a dark purplish sandstone, 
and not far below it is the trap designated in the general section by the 
letter E. Many of the sedimentary beds throughout the entire section 
are ripple-marked, and rain-pitting and sun-cracks are not infrequent. 
At several different levels, too, the surfaces of sandstone beds show 
impressions caused by salt crystals, subsequently dissolved out. Some 
of these are as much as half an inch in diameter, and exhibit distinctly 
the peculiar hopper-shaped forms characteristic of sodic chloride. The 
conditions of formation indicated by the rocks are those of a shallow, 
land-locked, salt lagoon or lake ; which was, perhaps, sometimes in com- 
munication with the open sea. No traces of fossils could be found. 

139. The division made between Series F. and G., and that between G. | 
and H., are probably not of great importance. No unconformity obtains, 
and the same conditions seem to have prevailed throughout ; the deposi- 
tion of reddish sandstone, alternating with that of pale dolomitic sand- 

5D 











66 B. N. A. BOUNDARY COMMISSION. 


stone, and magnesian limestone. It is one of convenience only, and | 


founded on the different colours of the zones as they appear in the moun- 
tain sides, | 
140. The trap E. is still important at this place, but is not so thick 


as in the Mt. Yarrell sections. It is dark-purplish in colour, and full of 


irregular amygdaloidal cavities, which are lined with green chloritie 
matter, and generally filled with white calcite. It overlies the great 
limestone, as before. 


Eastern Front of the Water-shed Range, Mt. Wilson and Chief Mountain. 


141. Northward from the entrance of the South Kootanie Pass, along 
the eastern side of the mountains, for at least twenty-five miles north of 
the Line, the rocks exposed are similar to those already described. All 
the beds of the eastern ridges appear to dip westward, or west-north- 
westward, toward the axis of the chain ; and are broken off abruptly to 
the east, forming steep cliffy fronts toward the plains. The lower and 
outer ranges consist almost entirely of the variegated Series C., of which 
the red beds are often visible at a great distance. Many of the higher 
mountains are capped by the limestones of Series D., and where gaps in 
the eastern wall allow the inner ranges to be seen, they frequently show 
the upper fawn-coloured, and red beds, with gentle dips forming steep, 
but straight-edged ridges. Section 5 represents the geological structure, 
and general contour of the mountains to the north, as seen from a hill 
about six miles north of the entrance to the South Kootanie Pass. The 
most distant mountain of which the geological structure is indicated, was 
estimated to be about fifteen miles from the point of view. The more 
distant peaks shown on the horizon were but dimly visible, and must 
lie from fifty to one hundred miles northward. They appear to be of 
great height. 

142. The outlying or counterfort range, which is situated on the 
east side of Waterton Lake, has a breadth from west to east of seven 


miles. It may be designated the Wilson Range; that name having been _ 


applied to a part of it by Lieut. Blackiston. Its western side has been 
already partly described in connection with Waterton Lake. As viewed 
from the north, its fiont is chiefly composed of the rocks of Series C., of 
which subdivision 4, the red band, is conspicuous in many places. The 
central and higher parts of the range are of limestone belonging to 
Series D. Rocks differing from the rest, and apparently brought up by a 








be 


Se ee aes 





ROCKY MOUNTAINS—REVIEW OF SECTION. 67 





fault, occur at the north-eastern corner of the range. They were not 
closely examined, but may belong to Series B. 

143. Chief, or more properly Chief’s Mountain, which projects 
still further to the eastward, is one of the most remarkable mountain 
masses of this region. It is nearly isolated from the rest, though 
surrounded by rugged foot-hills, which are covered with dense woods 
and wind-fall, rendering it almost unapproachable. As seen from the 
eastward, it resembles the base of a broken column, and its outline was 
quite distinguishable from that of the remainder of the mountains, even 
from the Sweet Grass Hills, a distance of one hundred miles. On three 
sides, the central mass of the mountain is precipitous, and its bare rocky 
cliffs are of great height. To the west, it appears to slope more 
gradually, and its summit is cleft with deep ravines. It seems to owe its 
remarkable form to the peculiar weathering of the limestones of Series 
D., of which the perpendicular portion is composed. The rocks 
of the foot-hills are softer, and no doubt belong to Series C. Chief 
Mountain resembles in its structure the peak called Castle Mountain by 
Dr. Hector, each being formed of a huge quadrangular block of nearly 
horizontal limestone beds. 


Review of the Section. 


144. The total thickness of the beds seen in this part of the Rocky 
Mountains must be about 4,500 feet, though this can only be regarded 
as an approximation; as owing to the short time at my disposal, few 
of the beds were actually measured. The entire series arranged as a 
continuous section in descending order, is as follows :— 


H. Fawn-coloured flaggy beds, seen only at a distance, but probably 
composed of magnesian sandstones and limestones. 100 feet. 

G. Beds characterized by a predominent red colour, and chiefly red sand- 
stone, but including some thin greyish beds, and magnesian sand- 
stones, the whole generally thin-bedded, though sometimes 
rather massive. Ripple-marks, &c., Weathers to a steep rocky 
talus, where exposed in the mountain sides; and passes gradually 
down into the next series. 300 feet. 

F. Fawn-coloured flaggy beds of magnesian sandstone and limestone. 
Some red sandstones occur throughout, but are especially abundant 
toward the top. Apparently a continuation upward of the lime- 


stone D., and only separated from it by the trap overflow. 200 
feet. 
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E. Amygdaloidal trap; dark coloured and hard. 50 to 100 feet. = ee) 


D. Compact bluish limestone, somewhat magnesian, and weathering» Bhs 
brownish. This forms some of the boldest crags and peaks of the Fi 
mountains, and apparently rests unconformably on Series nies par 
1,000 feet. PANG Se 

C. Sandstones, quartzites and slaty rocks, of various tints, but aiétal 
reddish and greenish-grey ; the individual beds seldom of great — 
thickness, and the colour and texture of approximate beds rapidly _ 
alternating. In this series occurs a band of bright-red rocks, of 
inconstant thickness, also two or more zones of coarse mati 
grit. 2,000 feet or more. he 

B. Limestone, pale-grey, cherty and highly magnesian; hard, much- 
altered and weathering white. It includes at least one band of 
coarse magnesian grit like that found in the last series, which 
weathers brown. 200 feet. | 

A. Impure dolomites and fine dolomitic quartzites; dark purplish and 


4 | grey, but weathering bright brown of various shades. 700 feet or 
> more. 


bs . 145. The trap E. is remarkable for its continuity over an extensive 
area without any great variation in thickness or character. It is repre- 
Be ee, sented along the eastern side of the mountains for probably at least 
twenty-five miles, holding always the same position in the series. It 
v occurs also in the Boundary Mountain, and in Mt. Yarvell almost at the 
extreme western margin of the range. In a bold peak standing in the 

angle between the two branches of the pass at the East Fork, what 

appears to be a thin bed of a similar trap occurs among the limestones of 

Series D. It can there be traced for a long distance on the cliffs, but was 
i not elsewhere observed. 


146. No granitic or gneissic rocks were found in this part of the 
mountains; and, as elsewhere shown, they even disappear as constituents 
of the drift before the foot-hills are reached in this latitude. These rocks 
are not known to occur in any part of the eastern range of the mountains 


as the basal rocks of the series, and in Colorado are quite extensively 
exposed, and hold in association with them the ores of the precious 
metals. In some cases these rocks are observed to be clearly overlapped 
i by the Potsdam sandstone; and if not the equivalent of the Laurentian of 


4 
| : north of the forty-ninth parallel. Southward, they appear in some places 


qq the east, are at least Eozoic. 
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147. The difference in character of the country on the east and west 
sides of the first range of the mountains, which on the forty-ninth 
parallel constitutes the water-shed, is very striking. Standing on one 
of the higher summits, glimpses of the treeless prairie can be 
seen between the eastern bordering mountains. The undulations of the 
grassy foot-hills are, from the elevation, completely lost; and the plain 
appears to differ only in colour from the sea. Looking westward, even 
where the view is most extensive, it is one of tumultuous peaks and 
ridges, pine-clad or bare and rocky, to the horizon; and these are only 
the first of those which in almost unbroken series extend to the Pacific 
Coast, a distance of four hundred miles. 


Comparison of the Rocks seen in the Vicinity of the Forty-ninth Parallel, 
with those of other Localities. 


148. Sir J. Richardson has described the Rocky Mountains, where he 
met with them on the Mackenzie River, as being in great part composed 
of Carboniferous limestone. Dr. Hector is, so far as I know, the only 
other geologist who has examined their eastern ranges in British 
America. He had the opportunity of traversing them in several 
places, and has noted the occurrence of limestones of Carboniferous 
age, in many localities. Im the eastern range, where cut by the 
Bow River, he describes a “deep blue limestone, which weathers to a 
light blue colour, and is traversed by veins of calespar. The surfaces of 
these beds are very rough, and masses of chert are left protruding by the 
action of the weather.” They were found to contain fragments of 
Encrinite stems; also, Producta and Spirifer; and are consequently of 
Carboniferous or Devonian age. They are said, in this. locality, to be 
associated with earthy shales.* Near the same place—in Castle 
Mountain—limestone beds occur, which would appear from the descrip- 
tion, to have been estimated at about 2,000 feet in thickness. They 
overlie quartzites and quartzite-conglomerates, though not directly. 
Somewhat further west, at the head of the Vermilion River, a similar 
limestone is again found, with fossils like those last mentioned. 
Certain hill-sides are also described as consisting of “ horizontal strata of 
blue slate rock, closely banded with red stripes” which may be supposed 
to represent Series C. 

149. On the upper waters of the North Saskatchewan, Carboniferous 


*Palliser Exploration of British North America, 1863, pp, 99-100. 
t Ibid., p. 102 { Ibid., p. 104, 
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limestones full of Encrinites and corals, are mentioned ;* and near Old I 
Bow Fort, cream-coloured limestone, with cherty nodules and obscure 
Encrinite stems, blue crystalline limestone and compact earthy limestone, 
with Cyathophyllum and Favosites were found associated. + 7m 

150. In Roche Miette Mountain, near Jasper House, Dr. Heetor 
obtained the following interesting section :—{ 


Hard, compact blue limestone and shale, with nodules of 


ATOD. PYTLUOB sin’. sive okies co GREE be mists Sin ete eine to .... 2,000 feet. 
Fissile shales, almost black.............. Sint> oe kites pe OOe ee 
Hard grey sandstone an bs's gh obo Rote Pee Meets oleate hin teres a) tt RLU de ee 
Shales, toward the upper part with green and red : ; 

blotches, the lower part rust-coloured............ 500 
Cherty limestone and coarse sandstone, obscured by 

timber 


This shows a moderately close resemblance with the members of 
the Boundary section from D. to B., inclusive. 

151. At the north end of Pipe-stone Pass, a dark-blue limestone, 
containing Atrypa reticularis, and therefore characterized as Devonian, 
occurs. § 

152. Near the Upper Columbia Lake, on the west side of the main 
range of the mountains, Carboniferous limestone is found lying uncon- 
formably on slaty rocks, a very interesting fact when taken in conjunc- 
tion with the supposed unconformity of Series D. and C., on the Line. 
Dr. Hector describes the “‘ cherty Carboniferous limestone” as “resting 
on slate, both dipping to the north-east, but the latter at a very high 
angle,” || and in another place recurs to the observation as proving the 
unconformity of the limestone on the underlying series. 4] 

153. In summing up his observations, Dr. Hector considers the 
eastern range to be mainly composed of thick-bedded limestones. He 
writes :—“ These limestones are of dark and light-blue colour, crystal- 
line, compact or cherty, with fossils that are either of Carboniferous or 
Devonian age, the principal of which are Spirifer, Orthis, Chonetes, 
Conularia, Lonsdalia, Cyathophyllum, Lithostrotion, &e. Along with them 
are softer beds of grity, sandy shale, generally of a dull red or purple 
colour.”** “In the second range we have the same limestones and shales 
repeated as in the first, but at the base I observed traces of a magnesian 
limestone of a buff colour, containing Atrypa reticularis, a true Devonian 
fossil.” ++ “On the Kicking-horse River, in the third range, we have the 








* Exploration of British North America, p. 113. 
t Ibid., p. 146. t Ibid., p. 127. § Ibid., p. 150. || Tbid., p. 154. 
*| Journ. Geol, Soc., vol. ‘xvii., p. 443. ** Exploration of ee. North America, p. 239, 
tt Journ. Geol, Soc,, vol. vii., p 




















ROCKY MOUNTAINS—REVIEW OF SECTION. 71 


mountains again formed of blue limestone, along with a compact blue 
schist with red bands, giving a curious striped aspect to the rocks.” * 

154. Dr. Hector is not very clear as to the separation of the sup- 
posed Devonian and Carboniferous limestones, and they may indeed, very 
probably belong to a single series. Prof. Meek, in describing fossils from 
limestones occurring in the mountains south of the Boundary-line, which 
from the general facies, he believed to be Carboniferous ; mentions the 
fact that the forms, without exception, belong to genera, which are 
common both to that formation and the Devonian, and of which a small 
number are represented also in the Silurian. + 

155. Dr. Peale, in his report to Dr. Hayden { describes, at Spring 
Canon, Montana, about two hundred miles south of the Line, an interest- 
ing section which is clearly comparable with Series D, F, G, and H. It 
may be summarized as follows :— 


Cretaceous— 
Red, purple, and grey sandstones, with brown limestone.. 200 feet. 
Jurassic— 
Brown and yellowish limestones, with sandstones and thin 
quartaitesys. 312 isle.) le. MUA ai nea ds ae ca aacs AAG 
Triassic— 
Red and purple sandstones, sometimes calcareous, with 
one thin limestone near the top............2ceeeeee Gs" “ 
Carboniferous— 
Limestone, the upper layers arenaceous............e0+ VR. Ale 


Allowing for the distance by which the two regions are separated, the 
agreement is sufficiently close. We have first, a limestone comparable 
with D. The trap E. of the Boundary section, is probably intercalated 
among the beds here included in the Carboniferous, and separates the 
representatives of the lower compact limestone, from those of the upper 
flaggy and arenaceous beds ; which, in the Boundary section, are desig- 
nated Series F. Next, a great ascending series of limestones associated 
with reddish arenaceous beds. 

156. The beds classed-as Triassic, in the above section, are so-named 
merely from their analogy with those of that period in other regions. 
Dr. Hayden, elsewhere, states his belief, that the Triassic and Devonian 
series are wanting in Montana,§ and that below the lignite-bearing 
formation, follow in descending order, the Cretaceous, Jurassic, Carboni- 
ferous, and a great thickness of lower strata, probably Silurian, which 
rest unconformably on granitic and gneissic rocks. 


* Exploration of British North America., p. 239. 
+ U. 8. Geol. Surv. Territ., 1872., p. 432. t Ibid., p. 110. § Ibid., p. 28, 
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157. The great series of limestones attributed to the Carboniferous 
period, are also found to repose unconformably on the rocks beneath | 4 
them. They lie in some places directly on the gneissic rocks, whilein 
other localities, 1,500 feet to 2,000 feet of Silurian strata intervene.* The ih 
entire thickness of the Carboniferous rocks is estimated at from 1,000 to 
2,000 feet. + 

158. Other limestones, supposed to be Lower Silurian, are also de- 
scribed in this region, and said to have a “much older look than those of 
the Carboniferous.” They are also “more compact, and contain a greater 
per centage of silica, are full of cavities lined with crystals of quartz, and 
weather into much more rugged forms.” ¢ In another locality, limestones 
belonging to the two series are found almost in contact, and “ although 
there is no positive non-conformity between the Carboniferous and 
Silurian, yet there appears to be a well defined physical line of separation. 
The Silurian limestones are more massive, brittle, cherty, and have an 
ancient look, while the Carboniferous beds are more pure limestone, and 
e. with thin, well defined layers.” § 





i59. On the Gallatin River the thickness of the various formations 
is estimated as follows :—Jurassic, 1,200 feet ; Carboniferous, 2,500 to 
3,000 ; Silurian, 800 to 1,000. || Near the junction of the Gallatin and 
Missouri, a section shows “ about 2,000 feet of metamorphosed slates, 
clays, and quartzites of all textures and colours, but mostly thinly lamin- 
ated,” which Dr. Hayden has no doubt belong to the Potsdam group. 
Compact, grey limestones, also of Silurian age, are developed in this 
locality, and overlying the whole series the Carboniferous limestone is 
found. 4[ The general resemblance of this section to that represented by 
Series C. and D. on the Boundary, is at once apparent. 
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160. At Jackass Creek, and near Gallatin City, sections more or less 

closely comparable with those on the Boundary-line are also met with,** | 

. but many of the beds entering into the composition of the mountains in 
Montana, seem to be somewhat local and variable in their appearance. 

161. In the mountains at the head waters of the Powder River, five 

hundred miles south-easterly from the Boundary sections, the Carbonifer- 

ous limestone, again occurs, as a compact, cherty, yellowish-white rock 

with few fossils, but enough to indicate its age. It there rests directly 

on an irregular surface of quartzites and sandstones attributed to the 


*U. 8. Geol. Surv. Territ., 1872., p. 28. ‘ 
t Ibid., p. 29. | Ibid., p. 31, § Ibid., p. 78 || Ibid., p, 80. q Ibid., p. 69. ** Ibid., pp. 162, 172. 
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Potsdam.* Near the Snake River, on the western side of the water-shed, 
we again find as a conspicuous feature, a “blue, cherty Carboniferous 
limestone,” overlaid by siliceous rocks.f In the Black Hills of Dakota, 
yellowish Carboniferous limestones appear, and rest on grey and ferrugin- 
ous Potsdam sandstones, holding characteristic organic remains. The 
latter formation was here discovered for the first time, west of the 
Missouri River, by Dr. Hayden, in 1857.+ 

162. The rocks representing the Carboniferous formation, in the 
Rocky Mountain region, would therefore appear to be wide-spread, and 
to be represented in great part by massive limestones, which are 
remarkably constant in ‘their lithological character. | 

163. A section examined by Dr. Hayden, in the Uinta Range, i in 
Utah, is interesting as a standard of comparison with those on the forty- 
ninth parallel. Here, red beds, supposed to be Triassic, and from 150 to 
200 feet in thickness, are first met with, and pass downward into grey 
sandstones, quartzites and indurated arenaceous clays; then, alternate 
beds of thin grey limestone and sandstones; and finally, a massive 
limestone, about 1,000 feet in thickness, holding Carboniferous fossils, 
Next, dull purplish sandstones, with a series of thin layers of slate and 
clay, gradually passing down into brittle reddish and grey quartzites, and 
being more compact and massive. In this whole series, from the red 
beds above, to the lowest quartzites, no unconformity is apparent; the 
junction between the base of the limestone and the underlying sandstone 
becoming clear and regular. The total thickness of the beds exposed is 
estimated at 10,000 feet, of which 8,000 feet, is composed of the lower 
sandstones and quartzites. Of these last, Dr. Hayden believes the upper 
beds to be Silurian, and to pass gradually downward without any break 
in time, to rocks of Huronian age; the lower purplish quartzites being 
compared with those underlying the Cretaceous and Carboniferous rocks 
in Dakota, which are supposed to belong to that period. § 


164. The general similarity of this with the Boundary -section is 
apparent, and the resemblance of the rocks underlying the great lime- 
stone in the two localities is particularly interesting. The lowest impure 
dolomites of Series A. might very well be called purplish quartzites on a 
superficial examination, and would be such but for the presence of a pro- 
portion of calcareo-magnesian matter. The magnesian limestone B. 





* Geological Report Yellowstone and Missouri Pte ation 1869., p. 70. t Ibid., p. 88. 
¢ U. S. Geol. Sury. Territ. 1857-59., p. 112, § U.S, Geol. Surv, Territ. 1870., pp. 49-52. 
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in correspondence with the increased quantity of calcareous matter a 
other rocks. EB ae 
165. Red beds overlying the Carboniferous limestone are frequently ae 
found in the western territories. Some of them, from their fossils, are 
certainly Jurassic, while others are Triassic, or perhaps Permian. They — 
have been already more than once referred to. Near the head waters of 
the Cheyenne River, in some localities, between the Carboniferous lime- 
stone and the supposed Jurassic red beds, they attain a considerable thick- 
ness, and hold gypsum,* the accumulation of which implies conditions 
similar to those causing the briny lakes, shown to have existed after the 
deposition of the great limestone in the Boundary sections. Near the head — 
of Wind River, the Carboniferous rocks are followed in ascending order | 
by 150 feet of arenaceous beds, and greyish, ash-coloured sandy clays; then 
by a great series of reddish, purplish, yellowish, and grey beds, sand- 
stones, flaggy ‘limestones and marls. Ripple-marked surfaces are com- 
. mon, and organic remains prove the rocks to be Jurassic. : 
; 166. Of the mountains about the sources of the Missouri, the Big 
Horn, and Wind River ranges, Dr. Hayden wri “A series of arena- 

ceous beds, which we have called the red arenaceous deposits, or Triassic, 
form one of the most conspicuous features of the geology along the flanks 
r of both sides of the principal ranges of mountains, and are almost always 
} | present.” They are “ sometimes called saliferous or gypsum-bearing beds, 
| from the fact that they contain both salt and gypsum, the latter mineral 
oftentimes in great quantity.” A portion of these red beds is believed to 
be Triassic, but above them lies a series of marls, or arenaceous marls, of 
light or ashen grey colour, with Jurassic fossils.f 








167. Though the absence of fossils in the rocks of the mountains 
near the forty-ninth parallel, wherever I have examined them, pre- 
cludes the fixing of their horizons by paleontological evidence, it seems 
possible to correlate them lithologically and stratigraphically with 

: similar beds in other and better known regions of the west. This means 
| of correlation appears to be a pretty reliable one, from the great general — 
: constancy in succession and character of the stratified rocks of the interior 

. and western part of the continent. 

c 168. On comparing the sections, it would hardly seem to admit of 


| * Geological Report Yellowstone and Missouri Expedition., p. 76. t Ibid., pp. 82-83. 
; t U.S. Geol. Surv. Territ. 1857-59., pp. 112-113. 








appears to be wanting in the Uinta section, but its introduction would be Bar ; ‘ 
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doubt, that the great limestone series D, represents that attributed to the 
Carboniferous by Dr. Hector, to the north, and by Dr. Hayden and others 
to the south. Above it, we have the reddish and fawn-coloured beds of F., 
G. and H. Of the former, the lower part probably belongs to the Carbon- 
iferous limestone beneath, being only separated from it by the trap H. 
The two latter may represent in part what has elsewhere been called 
Triassic, but, in all probability, are for the most part of Jurassic age. 

169. Below the Carboniferous limestone, a break in the continuity of 
the series obtains in the Boundary sections, and Series C. and B. resemble 
most closely the rocks which to the south have been called Silurian. The 
limestone B., in its rough, metamorphic, and cherty character, closely 
resembles some of the Silurian rocks of the southern region, but does not 
lie so near the base of the carboniferous limestone as is often the case 
there. 

170. The rocks of Series A., as already mentioned, may represent 
those which Dr. Hayden has compared with the Huronian. This, com- 
parison, however, appears to rest on but slender evidence, and to be 
merely of the nature of a suggestion. The similarity of the impure 
dolomites of Series A. with those largely developed in the Upper Copper- 


bearing rocks of Lake Superior, however, is so remarkable as to deserve 


mention, though it be hardly safe to use lithological character as a criterion 
of age at so great a distance. 

171. With regard to the question of the age of elevation of the 
mountains, I have been able to obtain but little information in the region 
examined, and that chiefly of a negative kind. Cretaceous and Lignite 


Tertiary rocks have, however, shared in the resulting disturbance. Mr. 


Clarence King has deduced from his observations on the fortieth parallel, 
three great periods of uplift. The first, he refers to the Jurassic period ; 
the second to the close of the Lignite Tertiary, and the third is supposed 
to have been simultaneous with the great volcanic outbursts of the post- 
tertiary. Evidence of elevation at the first of these periods, does not 
appear to have been very generally found ; and that it cannot have been 
very great, or such as to form a complete barrier between the eastern and 
western regions, the similarity of the marine mollusca of the lowest lig- 
nite beds of the mountains, with those of the rocks of the west coast, 
appears to show.* 

172. Other evidence, however, goes to prove that some movement took 


ee 





* Mining Industry of the Fortieth Parallel, p. 461. 
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place prior to the period of elevation above named the second. Dr 

Hector describes a hill of Carboniferous limestone, which appears to have 
been an island at the time of the deposition of the surrounding Cretaceous 
or early Tertiary rocks, and to have been subsequently pushed up to a 
greater elevation.* Dr. Peale believes that the Bridger Range, in Mon- 
tana, was elevated probably at the close of the Cretaceous, while other 
neighbouring mountains were not formed till the close of the Eocene ;+ 
and Dr. Hayden is also of opinion that a gentle elevation had commenced 
before the close of the Cretaceous. 

173. The great period of elevation, however, was that bringing to a 
close the formation of the Lignite Tertiary, and intervening between it 
and the later rocks assigned to the Miocene and Pliocene. Dr. Hayden 
has accumulated in the course of his surveys an immense number of facts 
proving the violence and universality of this dislocation. He believes 
the series, up to the summit of the Lignite Tertiary, to have passed 
completely over the present position of the mountains, and writes: 
“ From the Silurian to the upper Lignite group inclusive, a thickness of 
10,090 to 15,000 feet extended, in an unbroken, horizontal mass, over 
nearly or quite the entire area of Montana, and probably much more 
widely.” § 

174. The evidence concerning the periods in the formation of the 
mountains, however, is as yet by no means complete ; and it is certain 
that elevatory movements antedating all these above mentioned, have 
taken place. Disregarding those which had effected the Eozoie rocks 
previous to the deposit of the next oldest sediments known in the west ; 
we find at least one break in the series at the base of the Carboniferous, 
and in different localities the Potsdam, Carboniferous limestone, Triassic, 
and Cretaceous are found resting on the denuded edges of Kozoic rocks, 
which must at these periods have formed coast lines. 

175. The comparatively small total thickness of the beds represent- 
ing a great part of the Paleozoic series, in the west, is remarkable, 


especially when taken in connection with the relatively great deposits of | 


the Cretaceous and later ages. This, and the absence of coal deposits, 


even in the Carboniferous series, would tend to show that the area of dry — 


land during the Paleozoic must have been quite small. 


* Exploration cf British North America., p. 115. t U.S. Geol. Surv. Territ. 1872, p. 113. 

t On the Period of Elevation of the Rocky Mountains, Am. Journ. Science and Arts., May, 1862. 

$ U.S. Geol. Surv. Territ. 1872.. p. 83. Geological Report Yellowstone and Missouri Expedition., p. 5, 
Also, for the Black Hills and Laramie Mountains, U, 8, Geol Surv. Territ, 1857-59., p. 70. 
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The recurrence of magnesian rocks at so many different horizons 
is also noteworthy. | 
176. The sudden nature of the break between the nearly horizontal 
strata of the plains, and the crumpled rocks of the mountains, is a 
remarkable feature on the forty-ninth parallel. A similar peculiarity of 
structure has, however, been observed in other and distant parts of the 
range. Near the head waters of the Powder River, the Cretaceous and 
Tertiary beds, beyond ten to fifteen miles from the mountains, are not 
flexed.* ‘ 





* Geological Report, Yellowstone and Missouri Expedition, p. 66. Compare also Mr. Marvin’s Sec- 
tions. U.S. Geol. Surv. Territ., 1873. 
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CRETACEOUS AND TERTIARY ROCKS OF THE VICINITY OF THE 

FORTY-NINTH PARALLEL—PEMBINA ESCARPMENT TO 
WOOD MOUNTAIN. 
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Cretaceous Rocxs.—Pembina Escarpment—Niobrara group—Fossils of the Boyne 
River—Pembina Mountain group—Rocks near the Boundary-line—Sections in 
Pembina River—-Sections in Long River—Thickness of beds exposed-—Litho- 
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Tertiary Rocks on PorcuPINE CREEK—Kighteen-foot lignite bed—LiegniTE 
TERTIARY Rocks ON THE TRADERS’ Roan. 


| Cretaceous Rocks of Pembina Escarpment, Pembina River, and 
Long River. 

177. On leaving the Lake of the Woods, and proceeding westward, 
the face of the country is found to be thickly covered with drift and 
alluvial deposits. The Silurian limestones, which probably exist at no 
very great depth, are not observed, and the first rocks seen are those of 
the Cretaceous formation, along the base of the escarpment known as 
Pembina Mountain, which bounds the Red River Valley to the west. 
From this point westward to the base of the Rocky Mountains, no 
rocks older than the Cretaceous are found. The beds of this series are 
seldom well exposed in the eastern part of the prairie region lying 
north of the forty-ninth parallel, and the information acquired concerning 
them by the few previous explorers has, in consequence, been fragment- 
ary and inconclusive, though great areas of country have been traversed. 

178. About twenty-five miles north of the Line, where the Boyne 
River cuts through the Pembina Escarpment, beds occur clearly 
referable to the 3rd or Niobrara division of Meek and Hayden’s Upper 
Missouri section. (§ 33.) Though unable to visit this very interesting 
locality, I have received specimens of the rocks, through the kindness of 
Mr. A. L. Russell, which exactly resemble those coming from the 
Niobrara division in Nebraska, both lithologically and in the nature of 
. the included organic remains, 
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179. The rock is a cream-coloured, or nearly white limestone, 
breaking easily along horizontal planes, parallel to the surfaces of 
the shells of Ostrea and Inoceramus, of which it is in great part 
composed. The Jnocerami are too fragmentary to admit of spe- 
cific identification, and have served as supports for the oysters, which 
still, in many instances, adhere to them. The. oysters, apparently, 
all belong to a single species, and are identical with the Ostrea 
congesta of Conrad, so characteristic of the Niobrara limestones further 
south. - 


180. These larger shells are imbedded in a soft, whitish, earthy 
matrix, which is found, when microscopically examined, to consist almost 
entirely of the more or less perfect remains of Foraminifera, Coccoliths 
and allied organisms ; together with the small irregular prisms arising 
from the disintegration of Inocerami. The Foraminifera represented are : 
Textularia gibbosa D’Orb. Var. globulosa Ehr. Textularia agglutinans 
Var. pygmea D’Orb. Planorbulina globulosa Khr. Planorbulina farcta 
Var. ariminensis D’Orb. Gilobigerine referable to G. cretacea, also 
occur though not abundantly. All these I have also identified in 
specimens of the Niobrara limestone from Eau qui Court in Nebraska. 
The first named species was found by Ehrenberg in the Brighton and 
Gravesend chaik, being one of the commonest forms in the latter. It 
also occurs in the Meudon chalk of France, and is still living in the 
Mediterranean and elsewhere, at depths of from fifty to one hundred 
fathoms. The second textularine form is closely allied to, if not identical 
with, one found in the English chalk, and is common at the present 
day in the North Atlantic and elsewhere; becoming, however, rare 
and small at great depths, and apparently most at home at a depth 
of about ninety fathoms in the latitude of England. Planorbulina 
globulosa is common in the modern ocean, and in the North Atlantic 
is best developed from the shore-line down to fifty or seventy fathoms. 
The specimens from Manitoba resemble those from the greater depths 
in being considerably flattened. The second rotaline form is abundant 
in the English chalk, in that of Méen, Denmark, and doubtless else- 
where ; and is also found in Tertiary and recent deposits. (Plate XVIL., 
Fig. 2, in Appendix.) : 

181. The general facies of the foraminiferal fauna of these Cre- 
taceous rocks of Manitoba, as well as those of like age in Nebraska, 
singularly resembles that of the English chalk. Both abound in 
textularine and rotaline forms of similar types; the more abundant in 








fi 
i 





80 B. N. A. BOUNDARY COMMISSION. 


both, being the form with globose chambers, and each having its rarer 
analogue, with chambers flattened and more delicate.* 3s 

182. The finer part of the softer portions of the rock, is composed 
almost entirely of the extremely minute bodies, which are included under 
the general names—Coccoliths and Rhabdoliths. These are now known to 
belong to minute pelagic vegetable organisms. Coccoliths.are abundant 
in most modern oceanic deposits, and have long been known to occur in 
the chalk of England and elsewhere, but do not appear to have been 
previously observed in the Cretaceous rocks of America. The allied 
Rhabdoliths were discovered by Dr. O. Schmidt in 1872, in the Adriatic 
Sea; but I do not know that they have heretofore been found in the - 
fossil state. These very minute bodies are well preserved in the 
limestone from Boyne River, and run through the same set of forms as 
those described by Dr. Schmidt. + (Plate XVIL., Fig. 1.) 

183. The limestone, where it occurs on the Boyne River, appears to 
be interleaved with beds of soft clay ; but the accounts I have received, 
are not sufficiently precise to enable any definite conclusions as to its 
thickness or extent, to be arrived at. Its occurrence at this one locality; 
enables the outcrop of the Niobrara Division—or highest bed of the 
Lower Cretaceous series—to be defined ata point nearly four-hundred 
miles further north than it has previously been known, and fixes the 
position of a well-marked horizon in the Cretaceous rocks of the North- 
west. f 

184. In the immediate vicinity of the forty-ninth parallel, no rocks 
referable to the Niobrara division are found along the escarpment of . 
Pembina Mountain, and their outcrop is no doubt concealed by the great 
thickness of sandy and alluvial deposits piled against its base. The beds 
here seen in place appear to belong to the 4th or Fort Pierre group of 
Meek and Hayden, which, in their Missouri sections, immediately over- 
lies the last, and forms the base of the closely associated group of Later 
Cretaceous deposits. From the scarcity of fossils in the great thickness of 
beds exposed in the Pembina Escarpment, and the want of information 
as to the nature of the Cretaceous beds intervening between these ex-— 
posures and those of the tributaries of the Missouri, caused by the thick 


*The microscopic organisms from this rock are described, and their relations more fully discussed, 
in the Canadian Naturalist., vol. vii., p. 252. +t Ann. and Mag. Nat. Hist., 1872. 

t Specimens since obtained by the Canadian Geological Survey, west of Lake Winnipegosis, seem to 
belong to the same division, and enables its outcrop to be traced still further to the north. See Report of . 
Progress, 1874-75. 

The rocks of the Niobrara division in Nebraska, are found to yield the best quicklime of any in the 
State, though Carboniferous limestones also occur there. 
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mantle of drift, it is impossible at present to fix this group as exactly 
contemporary with that defined by Meek and Hayden. TI shall therefore 
refer to it in this Report merely as the Pembina Mountain Group ; a name 
to which it may well be entitled, from the numerous good exposures 
which occur in the ravines of that escarpment, and which expresses its 
intimate connection with this great feature of the physical geography of 
the plains. 

185. In the valley by which the Commission Trail ascends Pembina 
Mountain, ten miles north of the Boundary-line, and not far from the 
wooded projection known as Point Allard; rocks of this division were met 
with for the first time, in a bare hill-side, which is too gently sloping and 
crumbled by the weather to yielda good section. The rock is a rather dark 
greenish-grey clay-shale, in which no organic remains appear. It holds 
at least one, and probably several, layers of clay ironstone an inch or two 
in thickness, dark brown fragments of which strew the face of the bank. 
The exposure must represent at least 30 feet of the strata, which appear 
to be quite horizontal. The ironstone is very poor, the iron in a sample 
examined amounting to only 19:14 per cent. Itis almost wholly in com- 
bination with carbonic acid, and is associated with much clayey matter, 
like that of the surrounding beds. 

186. Seven miles further west, on the second prairie plateau, of 
which Pembina Mountain forms the front; the Calf Mountain, so called, 
though only about thirty feet in height, forms a somewhat prominent 
feature on the plain. It appears to be an outlyer of a gently sloping 
ridge which runs northward from it, and may be due to the surface 
contour of the drift, but more probably indicates the line of outcrop of a 
bed of the Pembina Mountain group somewhat more resisting than the 
rest. ; 

187. Where the forty-ninth parallel cuts the base of the Pembina 
Escarpment, rocks of this series are well shown in the almost precipitous 
banks of a small stream. Some feet of the upper part of the section 
consist of drift material, in which fragments of the underlying shale 
are mingled with gneiss and granite boulders. Below this, about forty 
feet of Cretaceous clay-shale are exposed, much resembling that already 
described, and of the same dark greenish-grey colour when freshly broken, 
but weathering to a lighter shade. It crumbles into little rectangular 
fragments by the action of the frost and weather, and the bank, even 
where freshly exposed, is penetrated in all directions by cracks with 
rusty surfaces. Several large lenticular septarian nodules occur in the 
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even traces of gold, should exist in the drift deposits of any part of this 
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section; one of them was found to be as much as six feet long, witha ~ 
thickness of about two feet in the middle. The general substance of the 
concretions is nearly black in colour, and hard; and is composed of argilla- 
ceous matter, cemented together with calcic carbonate, and not highly 
ferruginous. ‘The veins which traverse them in all directions, are 
composed of white and amber-coloured calcite. In certain layers of the 
section, well formed selenite crystals are found in great abundance. 
They are oftén several inches in length and quite transparent, and some- 
times form radiating groups. Some parts of the clay-shale yield also to 
careful search numerous fragmentary remains of small teleostian fishes, 
consisting of detached scales, and bones, chiefly from the vertebral column. 
(Plate 18.) These organic remains are of an inconspicuous brown colour, 
and little altered ; and from the crumbling nature of the matrix are very 
difficult to preserve as specimens. 

188. Pembina River, where it debouches from the escarpment at St. 
Joseph’s—a small settlement of half-breeds, a few miles south of the 
Line—does not show any good sections of the Cretaceous formation, its 
high banks being composed of drift material. I was unable to trace the 
rumours of the occurence of gold, coal, and other valuable minerals, in 
this locality, to any authentic source.* That fragments of lignite, or 


region, is not impossible; but it is more probable that the reports 
concerning the latter, have arisen from the discovery of iron pyrites in 
the Cretaceous clays. 

189. The course of the Pembina River, west of the escarpment, will 
be seen on reference to the map. Where crossed by the Commission 
Trail, nearly twenty miles west of the edge of the escarpment, and about 
ten north of the Line, sections of the Cretaceous rocks are again found. 
The river, though not more than thirty or forty feet in width, here flows 
in an immense valley, about a mile wide, and three hundred feet in 
depth. The banks of the valley are remarkably abrupt and steep, and 
in any formation composed of harder, or less uniformly soft rocks than 
those of this part of the Cretaceous, would no doubt afford numerous and 
fine exposures. As it is, comparatively few sections are to be found, and 
these in the form, merely, of steep weathered banks, in which the 
original stratification is not apparent till they have been scarped down 
with the pick and shovel. 








* Rumours prevalent at least since 1852. See Dr. D. D. Owen’s Report on Wisconsin, Iowa and Min- 
nesota, 
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190. The most promising bank in this locality yielded, when thus 
treated, the following section :— 





Clay-shale, rather hard............... PR a8 25a it 0 
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Clay-shale, rusty and decomposed..................0.5 Rds BAG 
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The lower shale is so soft as to merit rather the appellatfon of hardened 
clay. It is blackish in colour, from the admixture of a small quantity of 
carbonaceous matter, and also holds minute selenite crystals and fragmen- 
tary fish remains; the latter quite comparable with those already de- 
scribed, in form and state of preservation. Above this is a bed of soft 
decomposed clay-slate, rusty in colour, and holding much selenite in small 
stellar groups, which are generally arranged in fissures and partings of 
the rock. They have been developed, no doubt, by the decomposition of 
iron pyrites in the bed, subsequent to its deposition, and under the 
influence of percolating waters. 

191. The ironstone, though nodular, forms a nearly continuous 
sheet in some places of about two inches in average thickness. It is grey 
within and rather compact, though weathering brown and becoming soft 
externally. A sample examined was found to contain but 21:78 per cent. 
of metallic iron. 

192. The upper portion of the section consists of harder clay-shale, 
which is, however, when freshly exposed and full of moisture, compara- 
tively soft, and shows little tendency to break along its deposition planes. 
When dried and weathered it becomes harder, and splits easily into rather 
thin leaves. Its colour when in the bank is sombre olive-grey, but on 
the surface a pale whitish-grey. It contains no fossils, unless certain 
branching rusty lines, or small tuhes, with which some layers are pene- 
trated in every direction, may represent fucoidal remains. 

193. The lower part of this stratum is probably sixty feet above the 
level of the Pembina River, and though not actually seen at a higher 
level in the bank at this place, it occurs at a greater elevation in other 
sections. Its crumbled remains also exist at a higher level near this 
place, and form the subsoil of the prairie wherever the surface has been 
disturbed sufficiently to bring it to view, for some distance west of the 
Pembina Valley. As the beds appear to be perfectly horizontal, this 
stratum would have a thickness, measuring upward from its base in the 
section just given, of at least 240 feet, 
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194. South and east of this locality, where the Boundary-line crosses 
the Pembina Valley, it is still more gorge-like and abrupt, and shows 
several sections of the Pembina Mountain beds. One of those must be 
over 100 feet in height, and though the softer fish-bearing shales probably 
occur at its base, they appear to be completely covered by the falling 
down of debris from the crumbling upper beds. No nodules or bands of 
ironstone appear. Several of the ravines cutting deep into the prairie 
west of the river valley, and south of the Line, show more or less perfect 
sections of the same hard upper clay-shales. 

195. About forty miles west from the foot of Pembina Mountain, 
exposures of beds belonging to the same group again occur in the banks 
of the valley of Long River and in neighbouring coulées. A cliff on the 
west side of Long River, some miles north of the Line, shows a consider- 
able thickness of shale near the water level, underlying a great accumula- 
tion of drift. It is also seen at intervals for ten or twelve miles south 
along the river valley. It appears, as usual, to be quite horizontal, and as 
it is found at various levels from that of the bed of the river to the general 
surface of the prairie, it must still have a thickness of fully one hundred 
feet. The clay-shales here present exactly the physical characteristics of 
those of the upper part of the Pembina River sections, and also resemble 
them in the paucity of their organic remains. The curious rusty mark- 
ings, which may be the remains of small annelid burrows, or of fucoids, 
are still very common; and also other obscure rusty impressions more 
nearly parallel to the deposition surfaces. The mould of a small fragment 
of Inoceramus, which showed the prismatic structure of the shell, was 
found; also the flattened impression of a small naticoid shell, and 
other forms resembling broken portions of a ribbed cephalopod. 

196, Obscure markings, like these, indicating the former positions of 
calcareous fossils, are frequently found in some layers of this clay-shale 
both here and at Pembina Mountain. The fossils themselves, have, no 
doubt, been removed by the action of sulphuric acid, formed by the 
decomposition by surface waters of iron pyrites, contained in these 
little consolidated beds. The acid so produced, has attacked the calcic 
carbonate, converting it into the sulphate, and this has been redistributed 
and deposited in the fissures and more porous layers of the beds as 
selenite. The clay, at the time of this action, must have been so soft 
as to close in on the cavities formed by the abstraction of the shells. 

197. From this point, for over 350 miles westward, I have found no 
exposures of Cretaceous rocks in the vicinity of the forty-ninth parallel. 
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For about 150 miles, the country is so thickly covered with drift deposits, 
that none of the streams cut through them to the underlaying strata; or, 
if the great valley of the Souris does so, they are concealed by its gently 
sloping and grassy banks. When the rocks underlying the drift are 
again seen, near La Roche Percée, they belong to the overlying Lignite 
Tertiary series. 

198. The section seen at the crossing-place of the Pembina River, 
and given above, is the most instructive, as showing the line of junction 
of two portions of this division of the Cretaceous ; of these, the harder 
beds, highest in the section, form the substratum of the plains for a belt 
at least forty miles wide, and extending westward from the front of 
Pembina Mountain. The lower beds characterized by their different 
lithological character, and the comparative abundance of fish remains; not 
only form the base of the Pembina River section, but are extensively 
developed along the front and foot of Pembina Mountain. 

199. Microscopically examined, the clay-shales of the lower series 
are seen to consist of fine argillaceous matter, with some siliceous grains, 
not much rounded by attrition. No minute organisms are visible, and the 
rock does not effervesce when treated with an acid ; proving the entire 
absence of calcareous matter. The upper and harder clay-shales from 
Pembina River and Long River, show almost exactly the same characters. 
Siliceous particles are more abundant, but of smaller size, and more 
uniform; and no effervescence is caused by acid. Both rocks contain 
small quantities of bituminous or carbonaceous matter. When heated 
they blacken, and that of the lower division sometimes even sustains a 
small flame fora momeént. When the carbonaceous matter is removed 
by urging the heat, a hard mass, with much the texture of biscuit porce- 
lain, and of white, or very light dun-colour remains. Some layers of 
these fine Cretaceous clay-shales would yield excellent material for the 
manufacture of pottery. 

200. These rocks, though so barren paleontologically, are of interest 
from the great area which they must underlie, and the very great rarity 
of their exposures. The upper portion of the Pembina Mountain series, 
must have a thickness of at least 300 feet, and taking into consideration 
the gentle westerly dip which the Cretaceous rocks probably possess 
throughout all this region, and which finally carries them under the Tertiary, 
it may be much more. Of the lower portion, it is impossible to speak 
with certainty, but it is probable that a thicisness exceeding 100 feet was 
seen in the various sections examined. It is not pretended that the 
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division into two parts above indicated, is so distinct as to be of much 
stratigraphical importance, or of a nature to be constant over great areas. 
It expresses merely the composition of the series at the Pembina Mountain 
localities. 


Lignite Tertiary Rocks on the Souris River. 


201. In proceeding westward across the drift-covered region above 
referred to, the upper beds of the Cretaceous are passed over. The 
Lignite Tertiary rocks next appear, and are first seen in the valley of the 
Souris River at a point 250 miles west of the Red River, and about four 
miles east of the tributary from the south known as Short Creek. These 


beds may underlie the prairie some distance east of this point, but the 


banks of the Souris Valley near this place show a remarkable change, 
presenting numerous exposures of the Lignite Tertiary to the west, while 
eastward they are gently sloping and grassed from top to bottom. This 
change probably coincides with the eastern edge of the Tertiary basin. 


The line of junction runs north-westward, and from the contour of the. 


surface of the country, and other considerations, I have been led to 
indicate it on the map as crossing the Boundary-line near the 230 mile 
point. 

202. From the point where the Lignite Tertiary beds are first seen, 
exposures occur at frequent intervals in the banks of the Souris Valley, 
westward, to the position occupied in the summer of 1873 by Wood End 
Depot Camp, a distance of about twelve miles by the Line, and consider~ 
ably more by the river. 

203. The hard sandstones of the base of the Lignite Tertiary, fringe 
the Souris Valley near the mouth of Short Creek, and give it a pictur- 
esque appearance. These are not, however, the very lowest beds of the 
formation, as some miles east of this point, and underlying the sand- 
stones, whitish and purplish clays, and arenaceous-clays occur; and in 
one place, a small bed of lignite was found.* 

Se, 204. On the south side of the Souris Valley, and a short distance to 
the east of the valley of Short Creek, the Roche Percée group of rocks is 
situated. This locality has already been described by Dr. Hector and 
Captain Palliser, who made a branch expedition to it from the north, in 








* The sections and details of exposures of the Lignite Tertiary rocks of this part of the Souris River, 
and westward to the 393 mile point, were published in a separate form, as a part of the Report of Progress 
of Geological Work in connection with the Boundary Commission, in 1873. They are here repeated, in so 
far as is essential, asa part of the general section on the forty-ninth parallel; beiag rearranged so as to 
follow the general order of description, from east to west, 
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August, 1857, being induced to do so by the reports of Indians and half- 
breeds.* These remarkable rocks, which have long been objects of super- 
stition to the Indians inhabiting the surrounding country, owe their 
curious forms to the weathering away of a soft grey sandstone from be- 
low a bed of similar rock which weathers yellow, and is rendered durable 
by an abundant calcareous cement. Both the upper and lower sand- 
stones show false-bedded structure in great perfection; though that in the 
upper hard portion, is on a smaller scale, owing to the thinner divisional 
planes of the rock. The capping sandstone is not hardened in a perfectly 
uniform manner, but in belts several yards in width, lying parallel ina 
north-west and south-east direction, and separated by spaces more easy of 
disintegration. There is also a system of cross-jointing nearly at right 
angles to this main direction. 

205. This combination of structures has given rise, under the long 
continued action of the weather, to the remarkably castellated, fantastic 
and picturesque rock scenery of this part of the Souris Valley. The 
hard belts form tongues projecting diagonally from the grass-covered 
bank, and the erosion of the underlying soft sandstone, parallel to the 
cross joints, has, in several places, produced window-like openings 
through them. The soft rock bears in many places, rude Indian 
carvings, representing various animals and birds, strings of beads, &c. 

206. Short Creek, already mentioned as an affluent from the south, 
shows many sections of the lignite strata. The banks of the stream have 
assumed the most picturesque forms from successive landslips, and are 
often quite red in colour from the alteration of the clays by the burning of 
lignites. One of the most perfect sections is on the left bank, near the 
crossing place of the Commission Trail, and extends from the level of 
the prairie almost to the water of the stream. [Plate 4, Fig. 2.] 
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* Exploration of British North America., pp. 49 and 225. 
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Small spherical ferruginous nodules, resembling bullets, occur in 
considerable number at the foot of the bank. They have a calcareous 
cement, and are derived from one or other of the sandy layers. This 
exposure is remarkable for the very gentle graduation of one bed into the 
next, making it almost impossible to draw lines between them in a mea- 
sured section. 

207. Sections more or less perfect are exhibited in many places in 
the Souris Valley, a mile or two west of the entrance into it, from the 


south, of Short Creek ; and more especially on the north side of the valley. 


They show a great similarity, though not absolutely the same in any two 
places. One of the most perfect exposures seen was in the face of a bank 
from sixty to seventy feet high, and consisted of sand, sandy clays, and 
hard fine clays, very regularly and perfectly stratified, and celoured in 
various shades of yellow-grey, grey, and light drab. At two different 
levels harder sandstone layers of small thickness were seen, and also 
three distinct beds of lignite. The lowest is a hard compact lignite 
resembling cannel coal in aspect, and two feet three inches thick. A few 
feet above this a second seam, eighteen inches thick, occurs, and still 
higher in the series, and about half-way up the bank, a third, of the same 
thickness. At the top of the bank some large nearly spherical sandstone 
nodules rest, and have evidently been derived from a superior bed which 
has been removed by denudation. The clays, and arenaceous clays, at 
several different levels include remains of mollusca, but these are very 
fragmentary, having been crushed by the compression of the containing 
material. A species of Unio is abundant, and remains of gasteropoda 
also occur, though rarely, and in poor preservation. : 

208. On the opposite side of the Souris Valley—which is here of con- 
siderable width—and not far from the last mentioned section, soft sand- 
stone beds, capped by a harder layer also of sandstone, weather into 
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table-like forms. These beds are doubtless the representatives of those 
which, a few miles eastward, produce the Roche Percée. 

209. Six miles north from Wood End Depot, on the bend of the river, 
the following section occurs :— 


FEET. IN 
j. Fallen bank, no section, (about)..............2.00ccees 0 
2. Finely stratified greyish sandy clay...............2e000: 7 +O 
Ep eS Ee SS EA er tS eRe ae Ov 
4, Sandy clay, greyish, laminated, including two ‘‘leaf-beds,” 
Oech auem mcweer tee. 8. eid 7 
5. Yellowish fine sandy clay passing below to grey soft sand- 
NMED See eet wala. a's rill oi oo wn te anion Won’ o's i: 2 
Per SROMMUONG, (fy BOMUIAP IS VET) i. oii sbi a Wake td cbleeiicle mas 0 3 
MUTE ete Ret See 2 oi) Melvs ¥ p:mye spin v/nid p ebys ove | 
ah MG OES le Os A eed A ee 
- ON a 0 gin Soke ain anit o, 0)0 five eteae ns P.* 3.3 
So UE oe ete Oe eau aa ie ieee ie a. 6 
mR oie La eral: WAL). ntd 5 Sch deli b ob Wala dae was 0 2 


The beds appear to be perfectly horizontal. Those of sand and 
arenaceous clay, though having the appearance of well characterized 
layers at a little distance, and giving the banks aribboned aspect, are 
found, on closer examination, to pass almost imperceptibly into each 
other. This peculiarity is often to be observed in almost all localities 
where these rocks are found. The so-called ‘ leaf-beds”’ are of a greyish- 
purple tint, and contain many impresssions of flag-like parallel-veined 
leaves, which, though distinct enough when freshly taken from the bank, 
it is impossible to preserve on account of the crumbling nature of the 
matrix. The ironstone, though generally forming extensive sheets, is 
nodular in structure, and varies a good deal in thickness. It weathers a 
bright brownish-red, is hard, compact, and very heavy, and on fresh frac- 
ture is bluish to yellowish-grey. 

210. A short distance south of this locality, the bank shows the fol- 
lowing section very perfectly :—(Plate 3, Fig. 2.) 


FEET. IN 
Prairie sod. 
A | a a ee ee 7 0 
BM Wowie lies Secession Sie a aarilaie ie a dale da eee 6 6 
3. Greyish ‘sandy shale (about).......-.-..--+2 eee eee eeeeee 4 0 
RE go aia an mn noo tan pciee dad pee Has Es» 1 6 
5. Greyish and yellowish well-stratified fine sandy and shaly pan 
odie munie nino v0.0 s0aemnmnas 

6. Ries MMR ins ula ssiae tities sien acanwrs, aa niaw 0 4 
7. Greyish and whitish clay..........:0.+se cece ec eeeeeeee 2 0 
8. Carbonaceous shale...........0ceccececccccescrceeees eS 
9. Grey soft sandstone...........6:eeeee eect eee eeeeeees ae 
EMME eos eda elcaditeee< andes cscs ccdcrecesencese es 1 0 
11. Grey and yellowish laminated sandy clay........-...-.-- 5 0 
12. Ironstone (nodular)...........ceceeecceceeerenrencerees 0 3 
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BB. PENSE , ii oy. 05.5 0: ayes. ER Ee Me i en a 
14, "Carvonavéousisliale: UY Pi PRP AA | ie 
TO! Eimparbt8 46 | cad itd hes hades bee Bie ee eae 2,2 
1G) Grey AGMTY GAY . So .. wane ees ss eas SAG «she als s hier one 2 0 
Fs. LagesOe) os F.-5543- ‘sil bisibe Gadi Oe dace. «Ls Ue 1 5 
18. Sandy underclay with large and small roots badly pre- 
BOTVOD, icc aan ghe seas | URES Teton TT. er et ee 6 
RO. LAgRaes y:.... . 550s av whales phe ke Weed ian dian eee 3 2 


The lower lignite beds are of excellent quality, firm and compact, 
and in some places show spots of fossil resin. The structure of the com- 
ponent wood is also in many instances very plainly apparent. The upper 
lignite lying immediately below the surface, is soft and decomposed where 
exposed, being in many places penetrated by roots from above. It might, 
however, prove equally compact with the lower beds where undisturbed. 
Layer 18, is one of the few instances in which lignite was observed to lie 
upon an evident underclay with roots. The ironstones are specially good 
and*compact in this section. Owing to the wearing away of the softer 
strata a large quantity of this material strews the surface of the hillside. 

211. This section does not seem to correspond at all with the last, 
though situated only a few hundred yards from it; and if no fault or 
break in the strata intervenes—and there is no appearance of any such— 
the horizontal uncertainty of the deposit must be very great. Fragments 
of a vesicular material, resembling scoriaceous lava, are abundant in 
this locality. The substance is produced by the combustion of the lignite 
beds, a phenomenon which receives attention on a subsequent page. 

212. Nearly three miles southward from the last mentioned locality, 
in following up the valley, another very good section occurs on the 
east side of the stream, where in one of its many devious windings, 
it has undermined the bank. This section is specially interesting, as 
affording one of the best localities for the collection of shells of Mollusca 
characteristic of the formation. The section is as below, measurements 
being estimated : 





FEET. IN. 
Sand and sandy clay, stratified, and yellowish in general colour 40 0 
Lenticular mass of poor clay ironstone, running out eee in 
Doth direebions..:. a Gh + sos win 'yS 0 \n.0 tks » oan es 6 
Grey sams oi A See VLA ittiss Os 6 whi laa 2 0 
SHEP bed)... cuccnashinshsuabteheson Ghee haan pee ie nee ee 1.8 
Lakai oo uo sso ntecictnee « ale wig ois 5 lo Vata: Ene ee a Winele Me ee woz & 
Send’ and clay. tans vss od sawince nd bas 4 GEbERR ENT DRE eae 10 0 
58 6 


213. The shell bed, is of hard grey sandy clay, and in some places is 
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Figure 2—Short Creek. (§ 206 ) 
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SOURIS VALLEY 
LICNITE BED BURNED AT OUTCROP 


Figure 1.—(§ 386.) 
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Figure 3—Porcupine Creek. 
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Short Creek. Figure 4—Near East Butte. (§ 300.) 


SECTIONS OF THE LIGNITE TERTIARY. 
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very full of shells, which are also less crushed and in a better state of 
preservation than is usual in this formation. The most common 
Molluse is Melaniu Nebrascensis M. & H., which occurs in all stages 
of growth, and several varietal forms. There is also a second species of 
this genus, or of Goniobasis ; fragments of Unio and Paludina; and a few 
examples of Corbula (Potamomya) mactriformis M. & H. The latter 
must be considered a brackish-water type, but with this exception, no 
brackish or salt water forms are found in these sections of the Souris 
Valley. The Mollusca exactly resemble those of the Fort Union or Great 
Lignite Group of the Missouri, and fix with certainty the stratigraphical 
position of the beds here represented. 

214. In the water of the stream, at this place, are several large 
spheroidal sandstone concretions which have a tendency to split into 
layers parallel to their flattened surfaces—one of them measuring four or 
five feet in diameter. These do not appear in the bank, but possibly may 
have been washed out of the lower part of the section, which was not so 
clearly shown. 

215. South of the last section, and about one mile nearly due north 
of the position occupied by Wood End Depot, an exposure, showing the 
most valuable dignite bed I have seer in the Souris Valley, is situated. 
The beds are arranged thus :—(Plate 3, Fig. 1.) 


FEET. IN 
1 Dre manorial Mabon) is}. b 3. hoor bs org oh hands Hose Sak ds 8 0 
2. Yellowish and grey stratified sandy glays, obscured in most 
places by ne Ge ee as ied he eA eset 52 0 
SE aE Se Ee ae oe ae ney Ree 7 3 
ig Rete MOIR REE = a8. 'da'aias nin wae ow aware a niase 1 or more. 


216. The bottom of the lignite is about twenty-five feet above the 
level of the river below, and this part of the section, though apparently 
consisting of yellowish sandy clays like those overlying it, is obscure. 
The lignite is continuously visible for at least two hundred feet along the 
face of the bank, and seems to preserve uniformity of character and thick- 
ness. Externally it is often crumbling, and mixed with clay which has 
penetrated its joints from above; but where freshly exposed, it is hard 
and compact. It is quite black on freshly fractured surfaces, but has a 
brown streak, and in many places the structure of the original wood 
is still quite discernible. Some surfaces are strewn with fragments of 
mineral charcoal like that found in many true coals. Other specimens 
are apparently structureless, and resemble cannel coal in appearance, 
though notin composition. The upper beds of arenaceous clay yield a few 
poorly preserved shells (Paludina, &c.) 
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* 
217. On the opposite side of the river valley, near this place, the 
upper part of the bank shows a good section of arenaceous clay, below 


which, and some fifteen or twenty feet below the prairie level, is a _ 


seam of lignite of good quality, four feet in thickness. This lignite bed 
would seem to occupy a position stratigraphically superior to the last. 

218. Somewhat further up the stream, and on the same side of the 
valley, about sixty feet below the prairie level, and sixteen feet above 
the river, a bed of lignite occurs, of which the upper three feet only are 
visible. The bank above it is not well exposed, but appears to consist of 
sandy clays. The lignite is of good quality, but much weathered at the 
out-crop. It may very probably represent the continuation of that of the 
last section. 

219. The whole of these deposits, though in some places showing a 
dip amounting to a few degrees in one direction or other, appear to have 
no determinate direction of inclination, but over large areas to be as 
nearly as possible horizontal. 


Gap in the Section on the Boundary-line. 


220. West of Wood End, the Souris Valley runs north-westward 
along the base of the Coteau, diverging rapidly from the Boundary-line. 
It loses, at the same time, its abrupt character, and no sections either of 
Tertiary or Cretaceous rocks occur on it for a long distance. In follow- 
ing the forty-ninth parallel, the’ escarpment of the third great prairie 
level is overcome, and it is not till after having passed through the bro- 
ken Coteau belt, and reached the Great Valley, that exposures of the 
underlying rocks are again found. This valley is the most eastern great 
channel of erosion which crosses the Line southward, towards the Mis- 
souri, and in it the beds of the Lignite Tertiary are exhibited on a grand 
scale. On the Boundary-line, thus, a space of eighty-two miles from the 
263 to the 345 mile point, is completely shrouded by drift deposits. 
There is every reason to believe, however, that the Lignite Tertiary 
beds stretch uninterruptedly between the two localities, and an exposure 
of these rocks, some distance north of the Line, helps to sustain this 
view. 
221. This small exposure of the Lignite Tertiary was discovered ata 
locality on the meridian of the 307 mile point, but nearly twenty miles 
north of the Line; where the Trader’s Road to Wood Mountain, in going 
westward, crosses the Souris for the second time. Of the rocks at this 
place a very small section is seen, but sufficient to correlate them with 
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those to the east and west. At the water’s edge, about eighteen inches of a 
bed of lignite appears, the bottom of the bed being concealed. It is 
overlaid by several feet of greyish sandy clay, of rather fine texture. The 
lignite exactly resembles those described as occurring at Wood End, 
and in some places shows spots of amber. 

222. Between Wood End and Wood Mountain—(Long. 103° 10’ to 
106° 30°)—the country was examined on two lines; the first nearly 
coinciding with the forty-ninth parallel, the second following the Traders’ 
Road above mentioned, and at its furthest northerly point being thirty- 
eight miles from the Line. In describing the geology of this region, the 
general plan of taking localities in succession westward, will be in so far 
departed from as to allow the description of these in the immediate 
vicinity of the Line, before mention of those further to the north. 


Lignite Tertiary Rocks of the Great Valley, and Pyramid Creek. 


223. In the gorge already referred to as the Great Valley, the beds 
exposed are at an elevation of about seven hundred feet greater than that 
of those last seen on the Souris, near Wood End ; and probably at least six 
hundred feet above those of the northern locality (§ 221.) Their exact 
relation to either of these stratigraphically, it is, however, impossible 
to determine. The lowest beds seen are curiously banded clays and 
shales ; clay beds charged with plant remains and carbonaceous matter, 
and having quite a purple tint when viewed from a little distance, 
alternating with clays nearly white, and yellowish sandstones. Above 
these is a sandstone layer which though of no great thickness, has 
in several places produced remarkable conical mounds by acting as a pro- 
tecting capping for the softer strata below, the latter forming slopes 
or nearly perpendicular steps, according to their relative hardness, 
which, taken together with the distinctive colouring of the beds, 
gives a very striking aspect to the scenery. Plate 6, which is 
accurately copied from a photograph, gives an idea of the peculiar 
weathering of these beds. Above the sandstone capping of this lower 
part of the section, is a great deposit of sandy clays and concretionary 
sandstones, among which three beds of lignite of various thicknesses 
are intercalated. The beds are almost horizontal, but undulate at low 
angles, and the valley of the stream appears to occupy, in the main, the 
centre of a shallow synclinal fold. 

224. The upper part of the section in this valley consists of at least 
100, and probably 150 feet of clays and argillaceous fine sands of greyish 
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and yellowish-grey colours, and well stratified. They contain thin leaf: 
beds at several different levels, whi¢h are prominent from their grey- 
purple tint; but though containing very many dicotyledonous and 
flag-like leaves, from their soft and crumbling nature, they do not yield 
determinable specimens. 

225. This part of the section also includes at least three lignite beds. 
The highest of these is about 140 feet above the base of the section, and 
three feet or more in thickness. It would appear to be of fair quality, 
though much decomposed and quite crumbling at the out-crop, from the 
action of the weather. The next is about 120 feet above the same datum, 
and can be traced a very considerable distance along the face of the bank. 
It is five feet in thickness, but includes, where examined, several thin 
layers of carbonaceous shale ; and, though of good quality in places, does 
not appear to have the same uniformity in the various layers that is 
generally found in the coals of this region. The lowest lignite is some 
seventy-five feet above the base of the section, and is only a few inches in 
thickness. 

226. The complete section may be thus represented :— 





FEET. IN. 
1. Upper part, yellowish sands and clays, lignites, &c...... 150 0 
2, Hard grey and yellowish, somewhat false-bedded sand- 
stone, forming a ‘‘ capping rock ” to beds below (about) 3 0 
3. Greenish- yellow, thinly bedded fine sand............... 15 0 
4, Soft yellowish sandy clay)... uo Seeate cou tae 2 4 
5. Greyish and yellowish hard bedded clay.............. 2 6 
6. Blackish thin-bedded clay or shale with plant remains. 5 0 
7. Greyish thin-bedded clay, becoming darker toward the top 
(plant remains) graduating into next bed.............. 10 0 
8. Hard, pale-brown, compact clay, with very few plant re- 
NT Re LM ei RE a dt hs 1 4 
9, Hard, whitish clay, with some plant remains, and a scat- 
tered layer of heavy ironstone balls about a foot from 
the B6p JU ot. ORME aS a es ca 9/16 
10. Thin-bedded greyish and blackish hard clays, with leaves, 
and some small groups of selenite crystals............ ys 
1l. Fine-bedded clay filled with leaves and plant remains, 
hard and rusty in the upper portion.................. Ls 
12. Grey hard sand, with charcoal-like fragments in some 
BIBOOG 5, «isi 5 5 (ss Sidarig ons’ neat ee as ee eee 3 0 
13. Ironstone with many plant remains, mostly sedge-like 
Diddem. ith iy -% 4 imme bigned She Ape AD se eine 0 3 
1A, Sok, grey GIAF 4 oo: - iis co% Sn oak np Wadden Ps ts pale 
210 1 


227. In certain parts of the upper portion of this section, the 
remains of Mollusca occur in some abundance, but in a very bad state of 
preservation. By diligent search, however, some specimens of Melania 
Nebrascensis were obtained; and also of a peculiar angular Paludina of 
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the type of Paludina ( Vivipara) trochiformis, M. & H. No shells, other 
than those of purely fresh waters, were found. 

228. The lower part of the section forms a group well distinguished 
by its colour and the perfection of its stratification from the upper, and 
often endures, protected by its hard sandstone (No. 2), when the more 
crumbling upper division has been removed. The plant remains, though 
occurring more or less throughout the whole section, are best preserved 
in the lower purplish layers. They consist chiefly of leaves of dicoty- 
ledonous trees, which appear to have fallen when mature, in the course 
of nature, and with the change of the seasons, and floated without 
violence to the great lake in the fine silty deposits of which they have 
been preserved. Populus, Cinnamomum, Quercus, and other forms, are 
represented. Leaves and small branches of coniferous trees, referable to 
Sequoia Langsdorfii, and Glyptostrobus Europeus, are particularly abun- 
dant at this place. Details concerning the fossil plants of the Lignite 
Tertiary, will however, be found on a subsequent page. 

229. Many of the crumbling hill-tops in this valley have a ik ed 
colour resembling that seen in parts of the Souris Valley, and due, as 
there, to the combustion in situ of the deposits of lignite. The slag or 
clinker produced by this action is also found here, though it was not 
observed actually in place. | 

230. The next stream crosses the Line at the 351 mile point; it also 
flows through a deep valley of erosion, and may be called Pyramid Creek, 
from a remarkable pyramidal hill formed of the usual clays and sands, 
capped by a portion of a layer of hard grey sandstone, the cement of 
which is calcareous. It has a tendency to break into large quadrangular 
masses along intersecting jointage planes, and shows conspicuous false- 
bedded structure. Below this is a thickness of about fifty feet of rather 
incoherent fine yellowish sand sometimes argillaceous. This, pro- 
ducing a sloping bank, is not very well seen, but constitutes about 
one-third of the thickness of the beds exposed in this valley. The middle 
third consists of soft crumbling sandstone or compact sand without any 
apparent cementing matter, and of which the constituent particles are 
rather coarse; contrasting strikingly in this respect with the overlying 
material. It shows evidence of having been deposited by water in rather 
rapid motion, through its entire thickness, but the false-bedding is very 
definitely cut off at many different horizons by perfectly horizontal 
planes, above which it again commences. The weather acting on these 
beds causes the hill sides composed of them to assume a well-marked 
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terraced appearance, on a small scale, each horizontal break producing a 
terrace level. The sandstone contains here and there a few poorly- 
preserved shells, among which can be recognized two species of Melania, 
fragments of Paludina and of Unio. In one place a layer of ironstone, about 
three inches thick, is seen to run for some distance. The most notable 
feature, however, of this part of the section is the remarkable concre- 
tionary character of some layers of the sandstone. The concretions are 
hard, and of all shapes and sizes. They are generally spherical or sphe- 
roidal, and two or more of them are often confluent, forming dumb-bell- 
like masses or more or less continuous sheets of a lumpy character. Many 
are long and root-like, and project in a singular way from the bank. 

231. The lower third of the section in this valley is—as seems often 
to be the case with the lower layers of these rocks, 





much more clearly 
defined, and divided into thinner beds in which dark colours predominate. 
Altogether the section here much resembles that seen in the last great 
valley ; the lower beds of this probably correspond with the purplish 
leaf-beds there, and the great thickness of sands and sandstones above, 
correspond in a general way; though in this place they differ in the 
absence, so far as could be ascertained, of beds of lignite. The layers of 
hardened sandstone must also in this case occupy different horizons in 
the two sections, but this is not to be wondered at, when the extremely 
local, and indeed often nodular character of the induration is considered, 
and the fact that it merely depends upon the introduction of a small 
proportion of calcareous cement among the particles already compacted 
by pressure. | 

232. The whole section in Pyramid Valley may be represented thus : 


FEET. IN. 
1, Hard capping sandstone, (several feet) ...........---+4: 
2. Soft yellowish sandy beds, forming a sloping bank, (about) 50 0 
3. Soft sandstone, grey, false-bedded, (about). ............ 50 0 
4,. Stratified sandy clay: 2.4... s.05.bishiosslagued pees tee 3 0 
5. Purplish plant beds with thin layers of lignite, and much 
selenite in thin sheets, isolated crystals and stellar 
QTOUDE i. 5.05 bd o's se ren whe Cas eee Reg ae en 3 0 
6. Lignite, with many spots of amber......... aietae a atataie 1 6 
7. Purplish bed, with a few plants ............002eeeseeee 2 0 
8. Grey slightly coherent sand, with nodules of arenaceous 
selenite oryutada.. . 65 6.0 ee eRe Ee rug) ® 
9. Purplish bed, with obscure remains of leaves. .........- 1 0 
10. Incoherent arenaceous clay and sand ...........--.+++5: 7 0 
11. Purplish-grey arenaceous clay, with obscure plant remains 
GNG SOMS LOMB WOOT :, 05. png pss babe eens ps See 3 0 
12. Brownish clay with ferruginous layers..............-- Ries ia 
1B. Lagnibe . . css dkny ad <> 4b 00st ned Re ee eee 1 0 
ig. Brown carthy bed oo ois) cvs lawns te he peek eene 0 6 
15. Grey somewhat coherent coarse sand, with argillaceous 
MOAGHEE occ vcce ce vvasesvecvensscoserssashepapau sip 12 0 
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_The rocks show no well marked dip, but appear to undulate slightly 
at very low angles. 


233. The occurrence of gypsum as selenite was observed, here and 
elsewhere, to be nearly always in association with plant-beds, and gener- 
ally with those holding many half-obliterated vegetable remains, and of a 
purplish shade. This association is not accidental, but brought about by 
the action of the included vegetable matter, which when still under- 
going decomposition, would facilitate the deposition of iron pyrites by 
the deoxidation of iron compounds in presence of organic sulphur com- 
pounds. The porous character of the plant-beds, at a subsequent period, 
would allow the passage of surface waters containing oxygen; leading to 
the decomposition of the pyrites, the formation of sulphuric acid, and by 
its action on the clays, of selenite or calcic sulphate. 


234. A few miles west of Pyramid Creek several hills are capped 
with heavy and hard sandstone beds, a feature quite exceptional in a 
country so gently undulating. These do not appear to be perfectly hori- 
zontal, but have a slight dip to the west. They may be equivalent to the 
capping sandstone of the Pyramid Hill, but more probably are yet higher 
in the series. 

Ten miles west of Pyramid Valley, in the upper part of the valley of 
another stream, yellowish and grey stratified sandy clays, are again seen, 
but are not perfectly exposed. 

With the exception of this exposure, the underlying rocks are 
nowhere clearly visible in the vicinity of the Line from Pyramid Valley 
to Porcupine Creek, a distance of about thirty-five miles. One very con- 
siderable stream is crossed about midway, but its valley is wide, and with 
gently sloping banks. Highlands appear to the north, and may possibly 
show sections of strata overlying those seen in the banks of the streams, 
but I was unable to reach them, the ground, especially in the vicinity of 
these highlands, being covered with snow, and the time at my disposal 
limited. 


Lignite Tertiary Rocks of Porcupine Creek. 


235. In Porcupine Creek and the tributary vallies, many partial 
sections occur. Lignite is seen in three places near the Line, and just 
above the level of the brook in each instance. The exposures seem to 
belong to the same bed, and if so, nearly a mile of its horizontal extent 
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can be traced. The lignite and associated beds undulate slightly in all 
the sections, the former decreasing from four feet in thickness in the 
most northern bank, to one foot in that furthest south. The overlying 
rocks consist of yellowish and grey sands and clays, well stratified, and 
much resembling those forming the upper part of the section in the Great 
Valley. (Plate IV., Fig. 3.) 


236. The best exhibition of these strata was obtained in a bank about 
forty feet in height, on removing the decomposed material from the sur- 
face. The section was carefully measured as follows :— 


REET, IN 
1. Soil. 
2. Quartzite drift, several feet. 
3. Soft greenish sandy clay, 2 feet or more. 
4, Soft blackish :¢elay (i. 150, ds > wep ce Saale els wwe beets 1 6 
5&.° Rusty crumbling taudy: clay. ':, ... 2005 eweacamenen teen ee 
6. Grey clay, with some plant remains.................+4. 9 0 
7. Grey clay, with well preserved dicotyledonous leaves.... 1 8 
8. Impure ironstone in concretions ................08-e00s 0 3 
9. Yellowish sand and sandy clay, with obscure plant 
WORHAIIG ook 5. sae dave itae Was et aie tienen ees See 0 
10. Greyish and yellowish fine sandy clay......,.........:- ae 
11. Scattered layer of small ironstone balls ................ 
2. ‘Grey 'fime samily Glay 2.35 2h Lie. Lae Me 1 0 
13. Rusty layer, with crumbling plants................060- 0 3 
14, Grey saad 4.43. a16- ieee) ben obp bieeeke Ue eaeieeeen 4 
15. Detached masses of lignite showing the form of flattened 
tree trunks; BDGU «\, << occ whichewe <b olitewk adoden cys 4 
16. Yellowish-grey ‘fime Hand 22... si. DACA sis ile bide (hire wb 0 6 
17. Grey clay, with plant remaius............00. s«ass> <i 
18. Lignite, not of best quality. The grain and form of com- 
ponent wood generally clearly perceptible. Bed undu- 
lating slightly. 3 to 4 feet. 
19. Soft grey arenaceous clay, 1 to 2 feet. 
ADORD. $ Vsvie.0 A OP Phy tee Ey tn ee fey 9 31 0 


237. The vegetable remains imbedded in the rocks overlying the 
lignite, are mostly those of deciduous trees, and in certain beds are very 
perfectly preserved. ignite from this section was used for camp fires, 
in the absence of wood, but did not burn very freely, as it was taken 
damp from the bed, and piled on the ground without any provision for 
draught from below. 


238. The most interesting and important section, however, in this 
region, is that which occurs in a valley joining that of Porcupine Creek 
from the west, exhibiting a bed of lignite eighteen feet in thickness, 
and yielding ‘also some of the most perfect and interesting remains of 
plants. The bank in which this out-crop is situated is over half-a-mile 
outh of the Line. The beds are avanged thus :—(Plate V.) 
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FEET. IN 
EU acre ciavacldigies yin <0 .c'sia tis “cieel Mages Saie.e © scab a 
Te) LI RIND  e bc dk es aca BS DAA RE on ont AN 1 6 
3. Yellowish and grey sandy clays, well stratified, but some- 
ERLE dl aS ya Oe ati Cady Ge oak gat ene. a 
PT Dara. Bh oti 61k caps tdi ied «dd dima t ST hebaek lo 0. 9 
5. Banded clays, yellowish, grey and purple, with well- 
preserved remains of plants, and in some layers much 
crystalline ZyPSUM ..... 6... 2 ee ee ees e eee cele ties 5 0 
6. Lignite, weathering soft, some layers laminated, others 
‘rotten and brownish; forms a steep. slope...) sinai%. - 10 0 


7. Lignite, hard, compact, horizontally laminated, but also 
breaking into large cubical blocks along vertical planes 8 0 

8. Soft grey sandstone much jointed, and breaking out in 
pieces bounded by plane faces, some vertical and others 
oblique ; holds root-like remains and gives issue to 
SEINE erste co ata xd.c.s 25s eae es oa 5 0 


40 3 





Though undulating a little, the strata have no true dip, and are as 
nearly as possible horizontal on the large scale. 

239. The lower part of the lignite bed is very compact and tough 
under the pick, and holds in some layers many drops of amber. The 
jointage planes form a conspicuous feature, and were not noticed in any- 
thing like the same perfection, in other lignite beds examined. They 
cause the coal to break off in large cubical pieces which lie in the stream 
at its base. Some of them show thin seams of white gypsum, and in one 
case a thin film of iron pyrites was detected, being the first eppeemnes 
of this mineral in connection with these lignite deposits. 

240. This section also exhibits the first instance of dislocation, ob- 
served to effect the Lignite Tertiary formation. The eighteen-foot lignite 
and associated strata, are seen to have been brought to their present 
position by a downthrow fault, on the other side of which their place is 
taken by underlying sandy clays. (Plate V., Fig. 3.) 

241. The southern side of the valley, opposite this great lignite bed, 
is broken down, and forms a gentle though irregular slope, which is 
encumbered by many large, strangely shaped and coloured blocks of 
stone, much harder than any rocks occurring in the neighbourhood, 
and in pieces larger than the erratics found in the region. They 
proved on inspection to consist of masses of beds such as those associated 
with the lignite, but indurated by its combustion, which has also caused 
the interruption in the edge of the valley. About a fourth of a mile 
east on the same valley the great lignite is again exposed, and apparently 
in much the same development and association. 

242. The plants in layer 5, are in a beautiful state of preservation, and 
when the clay is first split open, show every vein-mark in perfection, not 
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only in the larger and coarser leaves but in delicate ferns, which are here 
unusually common. The matrix is, however, unfortunately very soft; it 
crumbles easily, and tends to crack on drying. A considerable number 
of specimens of fossil plants from the vicinity of Porcupine Creek, have 
been preserved, though all in a more or less shattered condition. They 
are in the main identical with those of the Fort Union group, and include 
Glyptostrobus Europeus, Sequoia Langsdorffii, Thuja interrupta, Onoclea 
sensibilis, and one other species of fern; and examples of the leaves of 
many deciduous trees. For the identification of these fossils, and the 
notes on them which appear in a ionic chapter, I am indebted to 
Principal Dawson. 

No molluscous remains were found in any of the Porcupine Creek 
sections. 


Lignite Tertiary Rocks on the Traders’ Road to Wood Mountain. 

243. The furthest west of the sections in the vicinity of Porcupine 
Creek—that in which the eighteen-foot lignite occurs—is situated near 
the 393 mile point on the Line, and lies about thirty miles south-east of 
the trading settlement of half-breeds known as Montagne de Bois, Wood, 
or Woody Mountain. The point above indicated was the terminal one of 
the geological work of the season of 1873. Reverting now to Wood End, 
on the Souris River, the exposures of Lignite Tertiary rocks on the Trad- 
ers’ Road to Wood Mountain—which runs nearly parallel with, but to 
the north of the Boundary-line—require a brief notice. 

244, The section first met with is that already described as filling a 
gap in the sequence on the Line (§ 221.) Westward for about ninety 
miles, no beds underlying the drift and surface deposits are seen in the 
vicinity of the Traders’ Road. Beyond this point, however, for the re- 
mainder of the way to Wood Mountain—about thirty miles—many more 
or less perfect exposures of the rocks of the Lignite Tertiary occur. 

245. The road here follows along the northern slope of the water- 
shed plateau, or occasionally crosses over one of its projecting spurs. 
The whole region appears to be formed of rocks of Tertiary age, against 
which the drift deposits of the northern extension of the Coteau, else- 
where more fully described, are found to lie. 1 

246. The north-eastern exposure of this series is formed in a steep 
wooded hill, which forms the salient angle between two of the broad flat- 
bottomed vallies, so common in this region. The section consists of alter- 
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nations of sand and arenaceous clay of light-grey and drab colours, the 
different layers not well defined. No hard sandstone layers crop out, and 
the whole of the beds are of a very soft and unconsolidated nature. A 
seam of impure lignite, two feet in thickness, occurs. It is soft, brown in 
colour, and holds much sandy matter. Selenite crystals are abundant, and 
some thin layers of ironstone are also found. The whole appears to be 
quite horizontal, and the thickness more or less perfctiy displayed, must 
be over 150 feet. 

247. The remainder of the sections from this point to Wood Moun- 
tain do not present any features of much interest, and resemble pretty 
closely that just desgribed. Yellowish-grey, greyish, whitish, and drab, 
soft arenaceous clays, and sandstones, appear with unvarying monotony 
in all the scarped banks of the vallies, which here ramify in every direc- 
tion. No fossils, except the badly preserved remains of plants, were 
found, nor were lignites of any importance observed, though some of the 
men on a hunting excursion, some miles south of the road, brought back 


samples of a fair quality. 
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CHAPTER V. 


CRETACEOUS AND TERTIARY ROCKS OF THE VICINITY OF THE 
FORTY-NINTH PARALLEL—WOOD MOUNTAIN TO THE 
ROCKY MOUNTAINS. e 


LicnitE Tertiary Rocks NEAR Woop MounTaIn—SEctions tN Bap Lanps SouTH 
oF Woop Mountain—Nature of Bad Lands—Divisions of Section—Fossil 
plants—Vertebrate fossils—Srcrions Wrst oF THE BAD LANnDs To WHITE 
Mup Rtver—Cretaceous No. 4—Fossils—White Mud River—Cretaceous 
Nos. 4& 5.—-Relations of beds, White Mud River and Bad Lands—Sgcrions 
West oF Woop Mountain SETTLEMENT TO WuitE Mup River—Bay of 
Cretaceous Rocks—Tertiary Plateau—Cretaceous No. 4. with fossils—W HITE 
Mop River To MILK RivER—Cretaceous plain—Tertiary Plateau—East Fork 
of Milk River—Section near West Fork of Milk River—Age of Beds exposed 
—Cretaceous plain—Milk River Valley—Sections in Milk River Valley— 
Upper arenaceous clays, &c.—Sandstone Zone—Lower arenaceous clays, &c.— 
Mitk River To THE West Burre—Sections North of East Butte—Nature 
and height of the Buttes—East Butte—Igneous rocks of the Buttes—Middle 
Butte—West Butte—Wesr Butrre To THE Rocky MountTarns—Synclinal west 
of West Butte—First Branch Milk River—Vertebrate fossils—Second Branch 
Milk River—Fresh Water deposits—St. Mary River—Disturbance of Beds— 
Coal Bed—Marine Fossiliferous Beds—Exposures nearest the Mountains— 
South Fork of Belly River. 





Rocks near Wood Mountain. * 


248. In the immediate neighbourhood of the half-breed settlement of 
Wood Mountain, no good exposures were observed. Where rocks were 
seen, they were generally hard greyish sandstones, which protrude here 
and there in the sides of the hills, and banks of vallies, the softer 
intervening beds being concealed. These sandstones no doubt belong to 
the Lignite Tertiary, and probably occur at several different horizons. 
They have much to do with the definite shape of the watershed plateau, 
which but for them would probably have been but a diffuse ridge. 

249. South-west of Wood Mountain, on the trail used by the half- 
breeds of that place in going to Fort N. J. Turney—a trading post south 
of the Line—ravines cut in the southern edge of the water-shed plateau 
show occasional sections of the Lignite Tertiary rocks. , At nineteen 
miles from Wood Mountain, by odometer, the edge of the plateau is 
pic 

* The name Wood, or Woody Mountain, is sometimes used to designate the whole, or an indefinite 


part, of the Tertiary watershed plateau. It is here restricted to the half-Breed settlement and its imme- 
diate vicinity. : 
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reached, and a few miles further on, the trail crosses the junction of the 
Tertiary and Cretaceous, and passes out on a lower level plain based on 
the latter formation. Near this place, an exposure shows several seams 
of lignite, one of which appeared to be of good quality® and considerable 
thickness, though not sufficiently well exposed for measurement. This 
bed turns out from the bank in which it occurs, a copious spring of cold 
water, with a very slight ferruginous taste. The associated beds are 
thick arenaceous clays of purplish-brown colour; soft, and containing 
some selenite in crystals. 


Sections in the Bad Lands South of Wood Mountain. 


250. The most instructive section, however, in the Wood Mountain 
region, lies twenty miles south of the settlement of that name, on the 
forty-ninth parallel near the 425 mile point from Red River; here beds 
undoubtedly belonging to the Lignite Tertiary formation,—which, east 
of this locality, has covered so great an area of country,—are found 
clearly superposed on indubitable Cretaceous rocks. The exposures are 
numerous, and are produced by the streams flowing from the southern 
escarpment of the water-shed plateau, above referred to, which has here 
been gashed by their action into most rugged Bad Lands. 

251. This term has attached to it in the western regions of America, 
a peculiar significance, and is applied to the rugged and desolate country 
formed where the soft, clayey Tertiary formations are undergoing rapid 
waste. Steep irregular hills of clay, on which scarcely a trace of 
vegetation exists, are found, separated by deep, nearly perpendicular- 
sided, and often well nigh impassable vallies; or, when denudation has 
advanced to a further stage—and “especially when some more resisting 
stratum forms a natural base to the clayey beds—an arid flat, paved 
with the washed-down clays, almost as hard as stone when dry, is 
’ produced, and supports irregular cones and buttes of clay, the remnants 
of a former high-level plateau. Denudation in these regions, proceeds 
with extreme rapidity during the short period of each year, in 
which the soil is saturated with water. The term first and typically 
applied to the newer White River Tertiaries of Nebraska, has been 
extended to cover country of similar nature in the Lignite Tertiary 
regions of the Upper Missouri, and other Tertiary areas of the west. 
In the Bad Lands, south of Wood Mountain, the hills assume the form 
of broken plateaus; degenerating gradually into conical peaks, when a 
harder layer of sandstone, or material indurated by the combustion of 
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lignite beds, forms a resistant capping. Where no such protection is 
afforded, rounded mud-lumps are produced from the homogeneous 
arenaceous Clays. Waste proceeds entirely by the power of falling rain, 
and the sliding town of the half-liquid clays in the period of the 
melting snow in spring. The clay hills are consequently furrowed 
from top to base, by innumerable runnels converging into larger 
furrows below. The small streams rapidly cutting back among 
these hills, have formed many narrow steep-walled gullies, while the 
larger brooks have produced wide flat-bottomed vallies at a lower level, 
in which the streams pursue a very serpentine course. Denudation is 
even here, however, still going on, as from the frequent change in 
the channel of the stream, it is constantly encroaching on the banks 


of the main valley, undercutting them and causing landslips. The 


method of the immense denudation of Tertiary beds, which is proved to 

have taken place over the area of the western plains, is explained by 

the degradation still going on in this way along their present borders. 
252. The general section at this place, which though not exposed as 

a whole at any one spot, is remarkably clear; is naturally divided into 

four parts. 

Taking first the highest bed seen, the order is as follows (Plate VIL., 

Fig. 2.) :— ) | 

a, Yellowish sand and arenaceous clay, sometimes indurated in certain 
layers and forming a soft sandstone. It forms the flat plateau-like 
tops of the highest hills seen. About 50 feet. 

6. Clays and arenaceous-clays, with a general purplish-grey colour when 
viewed from a distance. About 150 feet. 

y. Yellowish and rusty sands, in sorfe places approaching arenaceous 
clays, often nodular. About 80 feet. 

6. Greyish-black clays, rather hard and very homogeneous, breaking 
into small angular fragments on weathering, and forming earthy 
banks. About 40 feet seen. 

The whole of the beds appear to be conformable, and disregarding minor 

irregularities, are quite horizontal to the eye. 

253 The clays and arenaceous clays of the upper part of Division 

B. are very regularly bedded, and include a lignite-bearing zone. Three 

lignite beds, of from one to two feet each in thickness, were observed, but 

they are separated from each other by rather wide clay partings, and are 
not pure or of good quality. A bed rich in the remains of plants, 
immediately overlies the upper lignite. It is composed of a very fine, 
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Creat Valley—Weathering of Lignite Tertiary beds. (§ 223.) 
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and nearly white indurated clay, in which the most delicate structures 
are perfectly preserved. From its soft and crumbling character, it is 
almost impossible to obtain or keep good specimens ; but, in the frag- 
ments which were preserved, a few very interesting plants appear. Of 
these, some are characteristic of the Fort Union group, and identical with 
those of Porcupine Creek. The association of remains is that of a fresh- 
water pond or lake, anda fine new species of Lemna occurs abundantly. 

254. In the lower portion of this division, the beds are more 
sombre in tint, and little differentiated by colour, which elsewhere 
often renders the stratification apparent. They contain some layers 
of sand and sandstone, which show much false-bedding and current 
structure, and sometimes terminate suddenly with abrupt undulations. 
In some places, sufficient calcareous cement has been introduced among 
the grains to form hard sandstones, but their thickness is never 
great, nor do they extend far. Much ironstone occurs in thin nodular 
layers, and some selenite. About one-third from the base of this division 
a bed was found, in which curious fruits have been preserved, referable 
to a new species of 4#sculus. (Plate XVI., Figs. 8 and 9.) 

255. The most interesting feature of this part of the section, 
however, is the occurrence of the remains of vertebrate animals. They 
are found exclusively in the lower portion of this division, and most of 
them below the fruit-bed just mentioned. They are generally closely 
connected with the ironstone layers, and are often themselves impregna- 
ted with that substance. They are also, unfortunately, apt to be attached 
to the ironstone nodules, or incorporated with them, and traversed by 
crack-lines, in such a way as to render it difficult to obtain good 
specimens. A more prolonged search among these hills, than I was able 
to make, would, however, no doubt result in the discovery of localities 
where the remains are more abundant and in better preservation. 

256. Professor Cope has kindly examined the vertebrate fossils 
obtained in connection with the expedition. Those from this place 
include fragments of severel, species of turtles, scales of a gar-pike, and 
broken bones of dinosaurian reptiles. Of the turtles, two are new 
species, to which Professor Cope has given the names—Plastomenus 
costatus, and P. coalescens—and there are portions of species of Trionyx 
and Compsemys. The gar-pike belongs to the genus Clastes, and of the 
dinosaurian remains, though mostly too fragmentary for determination, a 
caudal vertebra resembles that of Hadrosaurus. 

257. Division y., the lower series of yellow sands and arenaceous 
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clays, is a much better defined member of the section than Division a. 
It is exposed chiefly in the banks of the smaller ravines, but also in the 
upper parts of those of the main brooks. The nodules which it contains 
are large and irregular, but often approach more or less closely to a 
spherical form. They are arranged in horizontal lines in the exposures. 
No fossils were found in this part of the section. 

258. The line of separation between divisions y. and ¢., is quite 
well-marked, by the change in colour. The latter shows scarcely a 
trace of stratification lines. I was very anxious to obtain fossils from it, 
but succeeded only in collecting a few small fragments. They, however, 
indicate purely marine conditions; and one of them is referable to the 
genus Leda or Yoldia. The identification of the horizon of this bed does 
not, howevever, depend on such slight grounds as these, as it was 
afterwards traced westward, and found to be continuous with well-marked 
fossiliferous Cretaceous rocks. , 

259. Divisions a. and 8. of this section, clearly belong to the Lignite 
Tertiary. They probably represent, however, merely the lower layers, 
and differ somewhat in lithological character and arrangement, from 
those seen at Porcupine Creek, thirty miles east of this place, and at 
other localities still further eastward. These beds, no doubt, belong to a 
~ lower part of the series than is exposed in any of the sections examined 
between this locality and the Missouri Coteau, and are probably also 
older than any of those found in the Souris Valley. The beds described 
as occurring on the trail south of Wood Mountain, (§249) belong to 
about the same horizon, and it is probable that those seen in some places 
on the Traders’ Road, may not be much higher up in the series. It would 
appear that the conditions most favourable to the formation of deposits 
of lignite, did not occur frequently or continue long in the earlier stages 
of the formation in this locality. 

260. Division 6. being certainly Cretaceous, it only remains to 
classify division y., which is so markedly different in character from the 
beds above and below it. This bed, I believe, represents group No. 5, of 
the Cretaceous ; or the Fox Hill group of Meek and Hayden. It was 
frequently observed at other places further west, and its relations will be 
more fully discussed in the sequel. 

261. The Lignite beds occurring in division 8., have been burned 
away over great areas in this region. Numerous red-topped hills are 
seen, the capping being composed of indurated clays and sandstones, 
often with much the colour and appearance of red brick. The tops of 
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Figure 1—Effects produced by combustion of Lignites—Bad Lands south of Wood Mountain. 
[$ 389.] a. a. a.—Buttes capped with altered sandstone and slag. The dark line on the distant 
escarpment represents the lignite bed where unconsumed. 
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Figure 2—Junction of Cretaceous and Tertiary—Section in Bad Lands south of Wood Mountain. 
[§$ 252. ] 
The asterisk indicates the horizon on which vertebrate remains were found. 
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these hills are all nearly on the same plane, and this, if traced back into 
some of the larger hills and edges of the plateau, exactly coincides with 
the zone there still containing the lignite. The beds, as there exposed, 
however, seem hardly of sufficient thickness or importance. to cause an 
alteration of the strata so extensive as has taken place. It is possible, 
from the irregular nature of these deposits, that over the areas destroyed 
by combustion, the lignite has been thicker and of better quality, and that 
the fire may have been unable to extend itself into the thinner portions 
of the bed, where it is separated by clay partings and covered by such a 
great thickness of other deposits. The combustion must have taken place 
ages ago, as isolated red-topped buttes now only remain to mark what 
must have been the level of the plain at that time. (Plate VII., Fig. 1.) 

It will frequently be necessary to refer to this typical section, in 
discussing the Cretaceous and Tertiary rocks further west. 


Cretaceous and Tertiary Rocks South of Wood Mountain Plateau, 
and between the Bad Lands and White Mud River. 


262. On proceeding westward along the Line from the sections 
above described, one passes over Cretaceous beds, while the southern 
edge of the Wood Mountain water-shed plateau—which is here: co- 
extensive with the edge of the Tertiary—follows a more or less nearly 
parallel direction at a distance of ten to fifteen miles to the north. 

263. The sombre Cretaceous clays of divisision 6., may be traced 
almost continuously for a distance of about ten miles. Lower beds are, 
however, exposed, from;the ggeneral slight easterly dip of the rocks ; 
which is proved by the fact that the sombre clays, though first seen in 
the bottoms of the vallies, soon form the whole substance of the hills. 
They attain this position much more rapidly than the slight westward 
slope of the surface of the country at this place, will account for. 
About ten miles westward, near the crossing of the forty-ninth parallel 
and trail to Fort N. J. Turney, where the Wood Mountain Astronomical 
Station was established, good exposures of these rocks are again found in 
the banks of the valley of a large brook. On careful examination they 
were found to contain fossils, and specimens of Baculites compressus, 
B. ovatus, and other forms characteristic of Meek and Hayden’s 4th, or 
Fort Pierre group, were obtained. This horizon is also indicated by their 
position relatively to the Tertiary, and their lithological character. 

264. The rock is a soft clay-shale, which though fine, and regularly 
stratified, from its homogenious character hardly shows traces of its 
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bedding. It crumbles down into earthy banks, which, however, in some 
places, exhibit prominent nodular bands of ironstone, and in connection 
with these the fossils are, for the most part preserved. They are usually 
completely imbedded in the ironstone and filled with it, though the | 
concretions must have been formed some time after the deposit of the 
clay, as the larger shells are frequently crushed. The Baculites still 
retain to a great extent, their original nacreous lustre and play of colour. 
The ironstone nodules are often septarian, and from the rapid removal of 
the clays by denudation, their fragments strew the surface in abundance. 
selenite is diffused in small quantity through all parts of the beds. 

265. Taking into account the difference of level between this 
locality and that of the section in the Bad Lands, the clays here seen 
must be at least 200 feet below the base of division y. The sombre 
Cretaceous clays of these localities resemble a good deal in lithological 
character the beds of the Pembina Mountain group, and they also hold 
the same relation to the overlying Lignite Tertiary series, as that assigned 
to those deposits. They differ chiefly in being less consolidated and 
darker in colour, and in forming when weathered a crumbling bank of 
earthy appearance, rather than one of somewhat sharp-angled shaly 
fragments. The scarcity of fossils in the Pembina Mountain sections, 
prevents any instructive paleontological comparison of these beds with 
them. It must be remembered too, that probably at least several 
hundred feet of the upper part of the Pembina Mountain group, was no 
seen on the eastern margin of the basin, and it is this very part of the 
series which must be represented here. Taking into account, however, 
the great distance separating the exposures on the eastern and western 
margins of the region covered by Tertiary, the lithological and structural 
resemblance of the deposits is quite as close as could be looked for, even 
in an area characterized by such wide-spread similar conditions, as the 
interior plateau of the continent. 

266. Westward from these sections, the continuity of the Cretaceous 
clays in the vicinity of the Boundary-line, is indicated by occassional 
small exposures, and at a distance of thirteen miles, a tolerably good 
exhibition of the rocks again occurs. They are now found to resemble 
very closely the clay-shales of the upper part of the Pembina Mountain 
series, and to differ to a corresponding extent from those last de- 
scribed. They are firmer in texture, and lighter in colour, and are 
traversed in all directions by rusty-faced cracks. The peculiar 
small rusty fucoidal markings, already more than once referred to, 
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are also abundant, though other fossils are extremely scarce. A few 
impressions resembling fish scales, but very obscure, were found; 
also a single specimen of Baculites compressus, being a cast of the interior 
of the shell in soft ironstone, with the impressions of two gasteropodous 
shells, which had fallen into its outer chamber. One of the latter is 
of naticoid type, with a short spire, and few volutions rapidly increasing 
in size. Not a trace of the calcareous substance of any of these fossils 
remains ; and the clay-shale shows in many places, obscure impressions, 
which apparently mark the former positions of other calcareous fossils, as 
in the shales of the Pembina Mountain series. ‘The fact that two shells 
of different species, were caught up in the body-chamber of the single 
Baculite, which owed its preservation to an ironstone concretion, taken 
in connection with the indications just mentioned, would tend to show 
that organic remains were originally somewhat abundant, but that they 
have been removed by chemical action in the way already noticed. 


267. Selenite in small crystals abounds, and is generally found 
filling the lines of fissure. Well-marked white bands indicate the 
the stratification lines in some places. They are occasionally several 
inches in thickness, and have evidently been bleached subsequently to the 
deposition of the clays, by the percolation of water charged with sulphuric 
acid, produced by the decomposition of pyrites, along the more permeable 
layers. 

268. Where the Line crosses White Mud River; * or, Frenchman’s 
Creek, numerous and very fine exposures of the Cretaceous rocks occur. 
The stream flows in the bottom of a great trough, cut out of the soft 
Cretaceous strata, over three hundred feet deep, and in some places fully 
three miles wide. Many ravines enter this valley from the sides, and 
numerous land-slips have brought down the upper beds to various levels 
in its banks, and have produced a rugged mass of conical hills and ridges. 
The tops of the banks on both sides of the valley are formed of yellowish 
ferruginous sands, referable to division y., of the Bad Land section. 
They are, in many places, hardened into layers of sandstone, and are 
nowhere very soft. Land-slips have confused the section, but they can 
be traced in their original position as far up and down the valley as can 
be seen. I could find no fossils in these beds, though sixty to seventy 
feet of them must be visible in some places. 


* There are probably half-a-dozen streams of this name in different parts of the North West. The 
best known is that at the south end of Manitoba Lake, with which this must not be confounded, 
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269. Below these are sombre Cretaceous clays of division §., and 
they extend downward to the water level of the river; showing a thick- 
ness of 273 feet, the base not being seen. The portion of these clay-slates 
most nearly resembling those last described, and those of the Pembina 
Mountain series, lies immediately below the yellow sands; below this, to 
the bottom of the valley, they show rather the crumbling earthy 
character and more sombre colour of the Bad Lands and Wood 
Mountain Astronomical Station exposures. This would tend to prove 
that rocks like those of the upper part of the typical Pembina Mountain 
series, are not confined to any particular horizon in the western represen- 
tatives of that group. About 100 feet below the base of the yellow 
sands, a bed characterized by the great abundance of the remains of a 
fine species of Ostrea, occurs. It is referable to Ostrea patina of Meek 
and Hayden; and fragments of a thick Jnoceramus appear in the same ~ 
stratum. The Ostreas, for the most part, are quite perfect, and have 
been intombed where they grew, the valves being still attached. They 
are frequently roughened externally, and crusted with selenite crystals, 
produced apparently by the action of acidulous waters on the shell 
itself. 

270. A short distance below this Ostrea bed, is a zone containing 
many large septarian ironstone nodules. In some places, a horizontal 
surface of this bed has been exposed, forming an arid wind-blown 
expanse of crumbled fragments of the shale, which here and there 
supports an Artemisia, and from which the nodular masses stand up at 
intervals, as they have been exposed by weathering. The concretions 
_are often as much as twelve or fifteen feet in diameter, and lenticular in 
form, but are generally broken into fragments by the action of the frost. 
They hold remains of Ammonites and Baculites, the former at times two 
feet in diameter, and referable to A. placenta, a form, like Ostrea patina, 
characteristic of the 4th group of the Missouri River section. The 
fossils are unfortunately intersected by the cracks which traverse the 
mass of the nodules, in such a way as to render their preservation very 
difficult. Some of them retain their nacreous lustre in all its original 
perfection. Bleached bands like those already described, occur in many 
parts of these clays. 

271. The beds here appear to be perfectly horizontal, and the 
increased elevation of the general surface of the country will more than 
suffice to account for the reappearance of the yellow sandy deposits last 
seen in the Bad Lands—~without supposing the existence of any gentle 
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anticlinal between the two localities. Our camp, situated a short way 
down the eastern slope of the White Mud Valley, and consequently 
somewhat below the general level of the prairie, was 445 feet above the 
Wood Mountain Astronomical Station, nineteen miles east, by compar- 
ison of seven barometric readings at each place. The base of the yellow 
sands being about 30 feet below the camp, is 409 feet above the 
Astronomical Station; and as the base of the same stratum (division 
y.) in the Bad Land section was found to be about 170 feet above the 
Astronomical Station, a difference of 239 feet between the same horizon 
in the Bad Lands and at White Mud River, would remain in favour of 
the latter. The distance being about thirty miles, gives an eastward slope 
of about eight feet in the mile. 


Cretaceous and Tertiary Rocks— Wood Mountain Settlement to the 
Crossing Place on White Mud River. 


272. The main trail going west from Wood Mountain settlement, 
passes for some distance along the northern edge of the water-shed 
plateau, and then going over it where it turns north-westward, crosses 
the valley of the White Mud River, sixteen miles north of the forty- 
ninth parallel, and twenty-three miles north-west of the exposures last 
described. Between Wood Mountain and the White Mud River the 
water-shed plateau is formed, as before, of the lower beds of the Lignite 
Tertiary, and projects like the prominent parts of a cameo, while the 
lower ground, and the deeper portions of the valleys of the streams, are 
formed of the underlying Cretaceous clays. On the trail, near Wood 
Mountain, small exposures of the Tertiary rocks frequently appear. 
About thirty-four miles west of that place, sections of characteristic 
sombre Cretaceous clay-shale occur, and a deep bay of these lower rocks, 
penetrates the edge of the Tertiary plateau from the north. in this 
vicinity. On ascending the plateau forming the west side of this bay, 
Lignite Tertiary rocks are again seen at intervals, to within about fifteen 
miles of White Mud River, when the road descends the western edge of 
the plateau, and again passes over the Crétaceous clays. 

273. A reference to the accompanying geological map will render 
the arrangement of the formations in this region clear. In the absence 
of other information for the district north-west of Wood Mountain, I would 
have followed Dr. Hector in provisionally indicating the border of the 
Tertiary as running from the Cypress to the Thunder Breeding Hills. 
The occurrence of a bay of Cretaceous rocks on the north side of the 
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Tertiary plateau, however, throws doubt on Dr. Hector’s supposition of 
the continuity of the edge of the Tertiary between the two last mentioned 
localities. Judging from anvoiogy, there is reason to believe that the 


bay of Cretaceous rocks must extend continuously from the north side of © 


the plateau to the South Saskatchewan River. The strata are as nearly 


as possible horizontal, and throughout this region it is found that a valley © 


once cut down through the harder Tertiary rocks to the Cretaceous, does 
not in the lower part of its course again pass over the former. Dr. Hector 
did not reach the northern edge of the Tertiary between the Cypress and 
Thunder Breeding Hills, and it is by no means certain that there is a 
continuous escarpment uniting them, as shown on the map. 

274. Twelve miles east of the White Mud River, in the banks of a 
deep coulée tributary to it, good exposures of the Cretaceous rocks occur, 
and yield in great abundance the characteristic fossils of Meek and 


Hayden’s 4th group. Baculites compressus is the most common form, 


and is associated with several species of Jnoceramus and other molluscs. 
Specimens of Avicula (Pteria) linguiformis M. and Acteon concinnus, M. 


& H., are included in the collection, and are especially interesting, as. 


having been previously recognised by Prof. Hind, in localities further to 
the north,—the former at the elbow of the South Saskatchewan, the 
latter at Two Creeks on the Assineboine. 

275. The fossils resemble very closely, both in their general appear- 
ance and mode of preservation, those brought by Dr. Hayden’s expeditions 
from the Upper Missouri. They are included in nodules of ferruginous 
limestone, which, like the enclosing clays, are of dark-grey colour. 
The concretions only occur in certain beds of the clay, and are generally 
more or less septarian in character, the cracks being filled with amber- 
coloured calcite. In other parts of the section, beds with large ironstone 
concretions occur, which usually have the same septarian character, but 
were not observed to contain many fossils. Selenite crystals abound in 
the clays, and a fibrous mineral, which may best be called a ferro-calcite, 
occurs in discontinuous layers parallel to the stratification ; one of which 
was observed to be nearly a foot in thickness. This substance was also 
found in connection with the sombre clays of the Wood Mountain 
Astronomical Station exposures, and with those of the Bad Lands. 
($ 258-263.) It is minutely prismatic, the prisms in some cases, radi- 
ating from a centre, but more usually nearly parallel, and at right angles 
to the beds. It is pearly-grey within, but weathers yellowish-grey, and 
in that state much resembles, at first sight, silicified wood. 
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276. The valley of the White Mud River, where crossed on this 
northern route; is very broad, but the banks are much reduced in height, 
as compared with those on the Line, and are not of the same precipitous 
character. The bottom of the valley is flat, and the soil being based on 
the Cretaceous clays without the intermediation of drift material, is 
barren in the extreme, and supports a scattered growth of Artemisia, and 
some salt-loving plants. The Cretaceous clays are seen in the banks, but 
are not well exposed. 


Cretaceous and Tertiary Rocks, from White Mud River to Milk River. 


277. On the western side of White Mud River, hilly ground occurs, 
in which some of the lowest Tertiary beds may be represented; but, 
which I am inclined to believe, is due entirely to accumulation of drift. 
The banks of the two branches of Cottonwood Coulée, next met with, do 
not appear to yield any exposures, but the country, from its character 
and elevation is, no doubt, based on the dark Cretaceous clay-shales, to 
about the 505 mile point, where the prairie which has been gradually 
becoming more undulating and hilly, makes a very definite rise, and 
forms a plateau, which extends along the Line, to the 534 mile point. 

278. This plateau like that near Wood Mountain, is found to be 
composed of Tertiary beds, but is not so well defined. Its surface is 
always undulating and often quite hilly, large quantities of drift having 
apparently, been piled upon it. The underlying rocks are seldom seen, 
and its age might have remained a doubtful question, but for the sections 
occurring along its abrupt western front. On coming to this edge, a 
great area of barren and arid prairie, at a lower level, and based on Creta- 
ceous No. 4, is seen stretching westward toward the Milk River. The 
Three Buttes or, Sweet Grass Hills, the Bear’s Paw, and Little Rocky 
Mountains, are also here seen for the first time, at a great distance, 
rising above the level horizon. The exposures are not very clear or 
extensive, but indicate the existence near the foot of the escarpment, 
of a considerable thickness of greyish and brownish arenaceous clays, 
forming rather massive beds. Some distance above these, a well-marked 
red zone occurs, and can be traced at various points along the edge of the 
escarpment, as far as the eye can reach. It is due to the combustion, in 
situ, of one or more lignite beds; portions of which were found in one 
place, unaffected by the fire, but not sufficiently well exposed to enable 
measurements to be taken, or any estimate of their quality formed. The 
metamorphism produced, has been very extensive, and rocks are found 
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in all stages, from those simply reddened, to others completely porcelain- 
ized, or fused into lava-like material. Some of the baked sandstones still 
retain obscure impressions .of plants. Overlying the red beds are 
whitish and yellowish arenaceous clays, of such light tints, as to appear, 
from a distance almost like chalk. 


The thickness of beds included between the highest and lowest 
exposures seen here, mast be from two to three hundred feet, and so far 
as comparison can be made, the section shows a remarkable general 
agreement with that of divisions a. and g. of the Bad Lands, 115 miles 
eastward. 


279. The valley of the East Fork of Milk River, where it crosses 
the Line, is wide and trough-like, with scarped banks about forty feet in 
height. The cliffs are composed entirely of drift deposits, and it 
maintains this character as far up and down as I have been able to 
examine it. Many fragments of Cretaceous fossils, and large masses 
of fossiliferous ironstone, are found in the bed of the stream, and in the 
clay banks; and so large a proportion of the drift is formed of the 
redistributed matter of the Cretaceous clay-shales, that it seems probable 
that they exist here at no very great depth. Baculites grandis is 
among the fossils, and was not elsewhere observed; there are also a 
' few species which are probably derived from the lower beds of the 
Tertiary. 

280. A most interesting section occurs in a deep valley about six 
miles west of Hast Fork. Exactly on the Boundary-line the banks show 
good exposures of the Cretaceous shales, more closely resembling in their 
lithological character those seen in the upper part of the Pembina 
Mountain sections, than those of the same beds as occurring in the 
vicinity of Wood Mountain. The rock is almost, or quite horizontal, 
is pretty hard, and well stratified, and includes white bands like those 
already referred to. On following the valley about a mile northward, 
these clay-shales seem to bend suddenly upward, and give place to 
a series of rocks, which appear to underlie them, and which differ from 
them altogether in character, and include massive layers of sandstone 
and thick arenaceous clays. 


281. A section was measured across the up-turned edges of these 
beds, which is given below, the measurements being reduced, so as to 
represent the actual thickness of the strata. The section—supposing no 
reversal to have taken place—is in descending order :— 
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. Sombre Cretaceous clay-shales, Division 4. M. & H...... 
Grey and yellow arenaceous clays, with some remains of 
Ostrea in the lower layers (about)..............-..,.. 20 O 
Greyish-white arenaceous clay, with irregular sheets of 
SMITE TA Cua EEG TDN loo tha se vig Sis Saha vnw ewes « 6 
ESN Ah g05 nm Ais a by apm a's eo sm win x hg dowd ron 
eee MENTE S01, Sindh wa c gie'm nina «a viel a eweriae 2 6 
a 2 0 
Dark shales, with carbonaceous bands.................. 12 6 
Carbonaceous shale, with poorly preserved plant remains 1 6 
Grey arenaceous clay eee aaa ae eS: tem wig ata a/e tal ano ae 30 0 
Brown shale, with indistinct impressions of plants, a few 
inches 
Pee NERNIE TMS  os  cian cna do wna o's 04,0 Fic ae wee 3 6 
Laminated carbonaceous shale, with spots of amber, and 
an MMMM 8095) en alba 3 pelea cs (nin ot Ejviage «3 2 0 
Grey and yellow arenaceous clay.............. rah! ak, 
Me aa a it -2 
Ce ES eae aie BER Rae FAs ee ee 0 
Soft beds—probably yellowish arenaceous clays, but not 
OE es ee Ae BR FOROS aie rape Sai Sains oe Rene 35 9 
Grey sandstone, weathering yellow, and with many 
as ean ene ee 12 10 
Spaces eecraarcns Olay a 0258) dee ee GEUL 45 11 
Hard sandstone, breaking into large rectangular frag- 
ments, and weathering into pot-holes................ 0 
eee Meteo CLARY SU) 9 2 ti 25s 3 S25 lcnita ciel 12 10 
Fine-grained grey-yellow sandstone, with dendritic mark- 
ie SN ae Sy 1 ae ae ane eae 2 0 
Grey and yellowish arenaceous clay, with some thin sheets 
ee NON MR Te aioe ooo aw phd Simla Sala oh A weiss ee 5 
eS ke RR ae Sa Ce ee 2 0 
a SS se © ee a eee 6 5 
adultes law. semacbome. 2 is. sc sis sc be wen eae ee 0 6 
Soft beds, with some thin sandstone layers. ........... 24 0 
Nodular red-brown sandstone (about).................. 3 0 


Greyish and yellowish arenaceous clays, well stratified, 
and with small fragments of some lamellibranchiate 
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Greyish and yellowish arenaceous clays, well stratified. .121 10 
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Brownish arenaceous clays, crumbling and rotten where 
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Yellowish sandstone, thin-bedded and flaggy ts Ae ee 34 0. 
Purplish and brownish clays, with evident stratification 
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below these are not exposed sufficiently well to enable the 
section to be measured. From blocks of sandstone strewing the banks, 
however, it is probable that one or more layers of this rock occur not far 


base, as here given. 


282, When this section was examined, I had no doubt that the whole 


a 
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of tbe beds included in it were truly lower than the dark Cretaceous clay- 
shales of No. 4, though noting the similarity of the series here exposed, 
with its light-coloured arenaceous clays, ironstones, and carbonaceous 
shales, to the beds of the Tertiary. Having afterwards examined the 
sections of the lower part of the Tertiary in Milk River, with which these 
are even more closely comparable, and finding there a species of Ostrea 
which appears to be indistinguishable from that represented by the few 
fragments obtained from bed No. 2,1 find it still more difficult to feel 
assured in referring these beds to a position inferior to No. 4 of the 
Cretaceous. Had they occurred apart from well-marked Cretaceous 
rocks, they would probably have. been referred, without doubt, to the 
Lignite Tertiary, in the absence of characteristic organic remains. 


283. To explain the present position of these beds, under the 
supposition that their age is Tertiary, it is necessary to suppose either an 
extensive overturn; or that they have been thrown down by a reversed 
fault, with an angle of only about 30°, nearly coinciding with the 
stratification, and carried beneath the edges of the undisturbed Cretaceous 
clays. Hither of these alternative circumstances is difficult to account 
for in a country so little disturbed, and where the strata are, as a rule, 
almost perfectly horizontal. If, however, the beds are truly Cretaceous, 
it still remains uncertain whether they should be considered as forming 
an important intercalation in No. 4, or whether they lie entirely below 
that division. The latter is the more probable supposition, as where the 
rocks of No. 4 are turned up against the flanks of the Buttes, further 
west, in such a manner as to reveal a great part of their thickess; though 
some thin layers of sandstone occur, nothing is found comparable with 
this series. 

284, The sandstones of these beds differ a little in aspect from 
most sandstones occurring in sections clearly referable to the Tertiary, 
being somewhat more uniform in their bedding, thinner leaved, and 
more equally hardened throughout. The carbonaceous shales of beds 6, 
and 12, are thinly cleavable, and might, in some places, be called impure 
lignite. One of the beds contains drops of amber, similar to those found 
in connection with many of the lignite beds elsewhere; and plant 
remains are abundant, but too poorly preserved for recognition. It is 
evident that where these carbonaceous shales were found, all the con- 
ditions which might lead to the accumulation of important beds of 
lignite obtained, and that such beds as these might be found, if followed, 
to widen out, or coalesce with each other within a short distance. The 
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occurrence of amber shows that coniferous wood, which composes so 
large a part of the clearly Tertiary lignites, was here going to decay If 
then it be granted that these beds are lower Cretaceous, the possibility of 
the occurrence’? of beds of fossil fuel in the rocks of that age, in this 
region, would be established. » 

285. The strike of these beds is N. 27° E., (mag.) and their dip, 
south-eastward, at angles varying from 45° to about 30°. The tilting of 
strata to such angles as these—even if the existence of no more violent 
flexure be suspected—is in itself a circumstance sufficiently remarkable, in 
a country where, for hundreds of miles, the rocks are found with inclina- 
tions no greater than can be accounted for by original irregularities of 
deposit. The nearest disturbed region is that in the neighbourhood of 
the Buttes, and the upturning is there in immediate connection with the 
extrusion of igneous matter. 

286. The valley of the West Fork of Milk River, though showing 
some scarped banks, does not penetrate below the drift. 

287. Two and a half miles beyond_West Fork, exposures of sombre 
Cretaceons clay-shales of the usual character were again met with, and 
the barren plain is based on these rocks for about twenty miles west- 
ward. Immediately west of the West Fork, a well-marked plateau runs 
up nearly to the Boundary-line, from the south, and no doubt marks the 
overlap of Tertiary rocks, which are again met with in full force in the 
high ground around Milk River. On approaching this stream, a line of 
small lakes * and swamps, is found along the eastern base of a plateau, 
which runs north-westward, and on the Line has a breadth of six miles, 
east of the river. Near the edge of the plateau the clay plain shows 
extensive superficial deposits of loose sands, which have probably been 
derived from the disintegration of the soft sandstones of division y., 
equivalent to the Fox Hill group. 

288. The valley of the Milk River is one of the most important 
features met with on the line of the forty-ninth parallel, and offers con- ° 
tinuous and magnificent sections of beds referable to the Lignite Tertiary 
series. The country on both sides of it, is seamed with tributary ravines 
and gorges, the banks of which are often nearly perpendicular, and which 
ramify in all directions. Where the Line crosses the river valley, it is 
utterly impassable for waggons or carts, and near this place the Great Dry 
Coulée branches off, which, according to Palliser’s map, runs to Lake 


* Known to the half-breed hunters as Lacs des Marrons. 
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Peekopee. The appearance of the valley of the river itself is strange and 
desolate. 

289. Thebanksrise nearly three hundred feet above the level of 
the stream, and are more than a mile apart. They are almost bare of 
vegetation, and marked by bands of differant coloured clays and sand- 
stones in a nearly horizontal position, as far as the eye can reach. The 
descent into the valley cannot be made on horseback, but by taking 
advantage of the well-worn buffalo tracks, which are found leading down 
almost every coulée and ravine. The river itself is comparatively 
insignificant, and winds in broad curves from side to side of the valley, 
and is fringed by a growth of large poplar trees, and by willows. Tho 
bottom of the valley is marked out into three distinct levels, differing 
much in appearance, though only by a few feet in height. Over the first 
of these the river must constantly pass in flood. It shows in many 
places a luxuriant growth of grass, and supports most of the timber. 
The second level, which the river can seldom if ever touch, is character- 
ized by the abundant growth of Artemisia of several different species. 
A third level, which forms a kind of low terrace at the foot of the cliffs, 
and must be twenty to thirty feet above the stream, consists of hard, 
parched clay, the washings of the banks, and nourishes only the grease- 
wood, and a few other thick-leaved drought-loving plants. 

290. The sections in the banks are undisturbed and regular. The 
beds are divided into an upper and lower series, by a zone of sandstones, 
which is about two-thirds up the bank near the Line, but about eight 
miles north-westward up the valley, is found forming the very summit of 
the cliff; which here, from the better support afforded by such hard 
rocks as compared with the clays and arenaceous clays of the rest of the 
formation, assumes a bolder and more rugged aspect, and a greater 
height than elsewhere. Fourteen miles south-eastward of the crossing 
of the Line, the same sandstone zone is again seen, but now only | 
* about .one-third up the bank, indicating a general inclination of the 
beds in a south-easterly direction,—which may not be exactly that of the 
full dip,—of about ten feet to a mile. 

291. The sandstones, though often well and evenly bedded, are not 
regularly hardened, but have a nodular character; and though in 
some localities indurated throughout their entire thickness, in other 
places not far removed, they may show only certain hard layers of 
comparatively small thickness, separated by beds of unconsolidated sand. 
They appear, however, to be very constant in extent, and do not differ 
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materially in thickness at the several localities where they were 
examined. They are slightly ferruginous, with prevailing light 
yellow tints, and are often more or less affected by false-bedding. 
Below the sandstones occur clays, sands, and arenaceous clays, generally 
well stratified, and individual beds of which may often be traced a long 
way up or down the valley. The colours are usually light, but there 
are some zones of darker carbonaceous clays, and in a few places impure 
lignites of no great thickness were observed. These appeared to be less 
persistent than most of the other beds, and generally to thin out and 
disappear when followed far in either direction. From their appearance, 
and mode of occurrence, these lignites may well have originated from 
the drifting together of wood or peaty matter, and differ considerably 
from the pure and definite beds which characterize the Lignite Tertiary 
further east, and which appear to be formed of trees which have grown 
on the spot. 


292. Above the sandstone zone is a great thickness of sands and 
arenaceous clays, forming more massive beds, in which the stratifi- 
cation is less perfectly marked. The general tints are pale greenish- 
grey, greyish, and light buff, 


293. No fossils were found in this upper series or in the sandstones. 
In the beds below the sandstones organic remains are also singularly 
rare, but are not altogether absent. In a part of the section not far 
below the base of the sandstone zone, is a layer with large arenaceous 
concretions, which contain in some places abundance of fossils. 


Among these are Melania Nebrascensis, one or more species of 
Paludina, a Helix, several species of Corbula, and a Spherium, which is 
almost certainly S. formosum, described by Meek and Hayden, from the 
Fort Union beds, and is identical with one afterwards found 110 miles 
further west, and within thirty miles of the base of the Rocky 
Mountains. A few rolled fragments of bone are also included in the bed, 
and some traces of fossil plants. Lower down in the section valves of 
Ostrea are found, sparingly scattered through the deposit, and not very 
far from the base a layer containing shells of Unio in a poor state of 


preservation was observed. Near the latter were found fragments of 


the bones of alarge vertebrate. They were scattered, and not in a very 
good state of preservation, and had evidently been strewn about after the 
death of the animal, and before their envelopment by the sediment. 
These, with the other vertebrate remains, were submitted to Prof. Cope, 
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who pronounces them to be portions of the sacrum and long-bones of a 
Dinosaurian. 

294. A section of the upper beds and sandstones, observed in a ravine 


on the east side of the Great Dry Coulée, near the Line, showed the 
following succession of beds :— 


F IN. 
1. Light yellowish arenaceous clays and sands, indicated in 
slopes and higher grounds, but of which a few feet at 
l the base only’are well exposed ............00eceeeeees 8 
aoe!) Ry BANG bs Ss rin’ » stays a natiilece Maps Rice ene oC ae 4 5 
3. Grey-green arenaceous clay.............eeeeeees gcceeee 9 0 
4. Arenaceous clay (rusty, irregular layer).. ............. 2 3 
5. Highly ferruginous layer. A few inches. 
6 Grey arenaceous clay, rather conspicuously banded ...... 17 10 
7,- Grey ‘aoit sapdatone..3 ass) asia. acs eee ee bis bloke 14 5 
8. Sandstones, hard and soft, brownish, yellowish and grey; 
often concretionary, generally well stratified, but some- 
times false-bedded, forming cliffs in the gorge, and 
weathering out into overhanging ledges, and _ horizon- 
tally fluted walls ........ os bias Walp ee in ik ae 35 6 
About 90 0 


295. The most complete section of the beds below the sandstone 
zone was obtained about eight miles north-westward from the intersection 
of the valley with the Line, and on the north-east side of the valley. It 
may overlap the last by a few feet, or a few feet may be omitted ; but, 
allowing for this slight uncertainty, it forms a continuation downward of 
the base of the former section. | 


FEET. IN. 
1. Soft grey sandstone, forming the top of the bank (about) 4 6 
2. Red-brown concretionary sandstone, with large flattened 
modules. hr os. So sae woe te kas eco bie hee ater ae 4 6 
3,. Hard grey sand «, » .,.\:¢sccscueus oso eeumintes 5 ae acne 4 5 
4, Reddish nodular sandstone........... sey OTE PY EAS 2 0 
5. Whitish arenaceous clays, with some selenite in the lower 
TRV GRR... «oo « x u.u vignndleinece sel cope Mkcil DRI Eee a 
6. Greyish and yellowish arenaceous clays (banded)........ 13 4 
7. Yellow-grey arenaceous clay...........++sss00 i pe Le 
8. Greyish arenaceous clay in which stratification is scarcely 
emparamibes i. .6)4! 0. Cat Os ETS Coen ae eee 71 4 
9. Yellowish sandstone, thin bedded..............eceee> 2.0 
10: “G2Cy BFOHRCROUS: GIAY 0. sos. eres wo Pir Bh en pm peso ee 4 5 
11, Purpliah hala; 52... ass alsa jw 0 ce ’onle MURR od SATA pete 1 6 
12. Grey aronaccortialay . ; ..'..s:.¢ <«unss sees ieasene #5 Lee 5 6 
13. Brown shale, with imperfectly preserved plant remains.. 0 6 
14. Grey. Arengcenus UBF, i's. + x vinii's.c sed pep b Mul arorsiats oe ae 14 8 
15. Purplish shale, with some thin layers of impure lignite.. 8 10 
1G; Parplish-browab Ghale: 0... STA. aati bee bs ehiee 1 0 
17. Greyish .aremeosOUs ley ..»\n:..5.5 4nj0'< teow aie Minis che! ee ee as 2 
18. Grey arenaceous clay, upper part shaly..............+- iy 
19. Yellowish arenaceous clay................000 dvaee 4 5 
DY. Purpligh: GBR16 sco n'3 op cos) 2s 05s Grit hime iees bone ee 1 0 
21. Yellowish ATENACCOUN‘ClAY....... sc edelas hvivesedeuews 8 ll 
22. Usp BAIS on. ck ed nis's 66 bar 3.>i'N oo eae hn Pee Ane 2 2 
23.” “Groyish ArGunoeous GAY 5... 7y, bcs bse pale vn ch verb en oe 6 9 
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24. Sandstone, a few inches. 





a EON I i ib 5 5 oy Aims n'a, 0d pepe RDS 4 6 
26. Yellowish arenaceous clay (lowest bed in . which remains 

of molluscs were found at this place. Ostrea)......... 5 

27. Nodurlarly hardened sandstone............. ....s00- 1 0 

28. Yellowish arenaceous clay............cccccceesceecess 31 0 

Concealed in slope to river, about..... ..........000- 30 0 

Uso Skeets nied nd. ha Pe ine 284 10 


296. The thickness of beds displayed in the above sections, when 
combined, is about 375 feet, and the bottom of the river valley, is 
probably not very far above the base of the Lignite Tertiary formation. 
It will be observed that the genus Ostrea, is here for the first time 
mentioned as occurring in these beds ; further west it becomes one of the 
most usual forms. The conditions of deposit implied by the beds on the 
Milk River, are those of an estuary, or shallow sea margin, where, 
while oysters and corbulas were living, the remains of fresh-water 
shelis and land vegetation were being carried, and mingled with them. 
The salinity of the water just indicated at Wood End, must have been 
here, however, well pronounced; a fact according with the observations 
of Dr. Hayden and other observers to the south. 

297. The superposition of these beds on the Cretaceous clays of 
group 4, is not clear in this locality, as no junction of the two forma- 
tions was observed. Their lithological character, might almost seem 
to render it probable, that they represent the same series as that sup- 
posed to come up from below the Cretaceous clays between the East 
and West Forks of Milk River. The beds here examined, however, can 
be traced almost continuously westward to the country round the Three 
Buttes, and are there found clearly resting on Upper Cretaceous rocks, 
recognizable not only by their mineralogical similarity to those already 
described, but by their fossils. 

298. Eight miles south of the Line, where the Commission Trail 
crosses the valley of Milk River, the banks are somewhat lower and less 
rugged, but exhibit the same rocks with very similar appearance and 
arrangement. 


Cretaceous and Tertiary Rocks from Milk River to the West Butte. 


299. In the coulées and gorges which intersect the prairie on the 
west side of the Milk River, exposures of rocks similar to those described 
in the main valley occur, the beds continuing to maintain a nearly 
horizontal attitude. Eighteen miles west of the crossing place of the 


—< 
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river, the same beds were again observed, and beyond this point small 
exposures very frequently occur, and show yellowish nodular s:ndstones, 
and arenaceous clays, precisely resembling those of the Milk River. 


300. Some miles further west, near the 620 mile point on the Line, 
a very interesting section was observed on the eastern side of a small 
coulée, where the flood-water had cut away the bank. (Plate IV., 
Fig. 4.) The upper layer is of massive grey sandstone, about eight 
feet in thickness, and immediately below it a softer bed filled with Ostrea 
shells occurs. Below this, about six feet of arenaceous clay, with a few 
shells of Ostrea, and then an irregular and impure lignite about a foot 
thick, which is underlaid by about seven feet of arenaceous clay similar 
to that above it, but more perfectly stratified. Next, a carbonaceous 
shale, overlying a grey arenaceous clay filled with the remains of small 
molluses, the most abundant of which appears to be identical with 
Corbula undifera of Meek; a second species, probably referrable to C. 
mactriformis, is also sparingly represented. Below the shell-bed is 
another seam of impure lignite, which is slightly thicker than the 
upper, and holds in some places rather large drops of amber or fossil 
resin. Below this lignite, is a bed of grey arenaceous clay, underlying 
which is a foot or two of carbonaceous shale, which rests on a grey, soft 
sandstone, constituting the base of the section as here exposed. 


301. The beds in this section are exceptionally rich in the remains 
of Mollusca, and the form referred to Corbula undifera, constitutes about 
half the substance of the bed which it characterizes, occurring in all 
stages of growth. The proportion of carbonaceous beds and lignites, is 
also greater in this section than in the corresponding beds exposed in the 
valley of Milk River. The conditions of deposit implied,. are those of 
shallow water, perhaps estuarine, but of distinctly saline character. The 
section is situated about fourteen miles north-eastward from the most 
eastern of the Three Buttes, and the beds are horizontal. In a second 
locality, nor far removed, is a fossiliferous bed containing a few speci- 
mens of Corbula undifera, mingled with Goniobasis insculpta, Meek, 
fragments of Ostrea, and a species of Dostia or Neritina, not yet 
specifically determined, but probably either NV. patelliformis or WN. 
Bellatula ; forms described by Prof. Meek from Colville in Utah. 


302. On approaching the Kast Butte to within ten or twelve miles, - 
the hitherto horizontal beds are found to assume a gentle dip away from 
it, or on this side, to the northward. In the vallies of the streams which 
seam the flanks of the hills, and furrow the surface of the prairie around 
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them, numerous more or less extensive exposures of the rocks of the 
Lignite Tertiary, occur. As might be anticipated from the nature of the 
deposit, as it has been already noticed on the Souris River and elsewhere, 
few of the beds are found to have any great horizontal constancy; but, 
from their general similarity, any very detailed account of the various 
exposures would be but repetition. Clays, and arenaceous clays, with 
intercalated sands and sandstones, and in some places nodules and thin 
sheets of ironstone; in various modifications of thickness and arrange- 
ment, build up the formation. 


303. The isolated mountains, called by the MHalf-breed hunters, 
Montagnes du Foin de Senteur, are known to traders of the Missouri 
Region, as the “Sweet Grass Hills.” They are roughly indicated on 
most good maps of the west, and are there found under the geographical 
appellation of the ‘Three Buttes.” As indicated by the latter name, 
there are three distinct mountain masses. A line passing from the peak 
of the eastern, through the central mass of the western Butte, would 
have a direction of about N. 80° W., the Central Butte lying between 
them, but some miles to the south. The highest summits are those of 
the eastern and western Buttes, which are about twenty miles apart, 
and rise nearly 3,000 feet above the level of the plains at their base. The 
height of the summit of the East Butte, as ascertained by the aneroid 
barometer, and taking the mean of two readings separated by about an 
hour, is 6,200 feet. That of the West Butte was found to be 2,746 feet 
above the Depét Camp at its base, by comparison with nearly simultan- 
eous readings there; and taking the height of the latter locality as 3,787 
feet, the height of the West Butte above the sea, would be 6,483 feet. 


304. The central masses of the Buttes, are composed of eruptive 
trappean rock, and around them, the previously horizontal beds of the 
plains have been tilted up, those immediately surrounding the igneous 
masses, resting at very high angles. The western Butte is the most 
important, and forms quite a little mountain region, having numerous 
peaks and ridges, with round or blunted tops, and deep, almost precipit- 
ous vallies. The eastern Butte is next in importance, and consists of 
four main peaks, arranged nearly as the angles of a square. The 
north-western of these is the most prominent and conical; the south- 
western is round-topped and connected with the north-western by a ridge, 
and not far below it in height. The north-eastern and south-eastern 
summits are nearly equal in elevation, but considerably less than the others. 
The central Butte was not ascended, but appears to be considerably 
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smaller than the others. It has, however, an exceedingly symmetrical 
conical form, as viewed from almost every direction, and its slopes must 
form an angle of nearly 45° with the horizon. Like the Kast and West 
Buttes, it is surrounded by grassy foot-hills, which are specially promi- 
nent on its northern slope. 


305. Dykes of eruptive material, traverse the sedimentary rocks 
surrounding the Buttes, in some places, and appear generally to have a 
direction radiant from their higher peaks. In a valley about ten miles 
north of the summit of the East Butte, one of these is well exposed. By 
the wearing away of the softer surrounding beds, it stands up like a 
massive partly-ruined wall, the resemblance being increased by the fact, 
that the rock has been broken up by the weather, into quadrangular 
blocks. Its observed course is N. 70° E. (mag.) The rock would pro- 
bably be included under the name Kersanton, of Von Cotta’s classifi- 
cation, and is a mica-trap of dark greenish-grey colour, and not very 
hard; in which small tabular crystals of brown mica are thickly 
disseminated. It has probably been originally of the same nature as the 
acidic central masses of the Buttes, but has become more basic by the 
incorporation of portions’ of the surrounding sedimentary rock; and has 
acquired a different mineralogical character, from this circumstance, and 
its more rapid cooling. The clays and sandstones on either side, are nearly 
horizontal, except immediately in contact with the dyke, where they are 
bent and contorted, and much altered. Some dark carbonaceous shales, 
especially, are so much hardened, as to bear a close resemblance to those 
usually found associated with coal beds in the Carboniferous formation. 
valves of Ostrea, are abundant in some of the surrounding beds, and 
specimens of Corbula undifera were also recognised. 


306. On ascending the East Butte, the harder beds are found consti- 
tuting more or less continuous ridges, round the central masses, while 
the softer intervening strata are not usually well exposed. The total 
thickness of the beds seen is not very great, as the ground rises almost 
equally with the increasing dip. There are, no doubt, also many small 
dislocations which complicate the ,section. The sedimentary rocks, in 
some places, rise to within about one thousand feet of the summit, and 
are then found much hardened and altered, and dipping very steeply 
away from it. They are here also traversed, like the igneous rock itself, 
by many small seams of crystalline quartz, in which a careful examina- 
tion failed to detect a trace of any metallic mineral. As some of these 
veins appeared, however, to be not without promise, I afterwards panned 
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out a quantity of gravel m one of the small brooks, but without being 
able to detect the presence of any valuable metal; a small quantity of 
magnetic iron and garnet sand from the northern drift, being the only 
result. 

307. Nearest the trappean mass, and lowest in the series on the Hast 
Butte, occur beds of hardened sandstone, not of great thickness ; on these 
rests a considerable thickness of hard, blackish, fissile shale, in which no 
characteristic fossils were found, but which from the sections afterwards 
examined near the West Butte, are no doubt referable to the fourth 
division of thé Cretaceous, and represent the sombre clays, and clay- 
shales, so frequently observed further east. Above this, is a rather exten- 
sive sandstone formation, much of which is regularly bedded, but which 
in some places is nodular, and gives rise in the vallies which cut through 
it to castellated, step-like, and fluted rocks of picturesque appearance. 
Next in order are the clays, sandstones and arenaceous Clays, character- 
ised by Ostrea, &c., already described as constituting the substratum of 
the plain. 


308. The igneous material, composing the higher peaks and central 
masses of the mountains, though very hard and’ compact, is seldom seen 
actually in situ, the solid rock being concealed under a great depth of its 
own fragments. These are very irregular in form, but generally angular, 
and .bounded by plane faces; they vary in size from a few inches to 
about two feet in greatest diameter, and render the upper slopes utterly 
barren. The rock is very uniform in appearance and composition. It 
is usually a Rhyolitic Trachyte-porphyry ; but, by the introduction of a 
smal! quantity of hornblende, sometimes passes, without otherwise much 
changing its appearance, into a material;which may be called a Sanidine- 
trachyte. The matrix is pale greenish-grey, porcellanous, but not 
perfectly homogeneous, and encloses crystals of sanidine felspar, which 
vary from those barely visible, to others which attain an average size of 
about 3 millimétres. Quartz is present as a constituent in small quantity, 
forming minute granular aggregations; and specks of pyrites are generally 
to be seen. The hornblende, when it occurs, is found generally in very 
small crystals between those of the sanidine, but sometimes forms 
bunches an inch or two in diameter, which appear as darker spots on the 
surface of the rock. 


309 The highest peak of the West Butte, is at its eastern side, and 
is a large blunt-topped mountain, which to the east presents perpendi- 
cular rocky cliffs, West and north of this summit, several important 
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peaks and ridges rise, and enclose a rugged, pine-clad, and rocky area of 
some extent. The foot-hills of the western Butte are also on a larger 
scale than those of the others, and an examination of their rocks served 
to explain much formerly in doubt. The sedimentary rocks are here, as 
at the east Butte, found to dip away from the central igneous intrusion on 
all sides; but a considerable mass of stratified rock, has here been, as it 
were, caught up by the eruptive material, and occupies the depressed 
central portion of the group of mountains. A great part of these beds 
dip south-eastward at a rather high angle; they have been very consider- 
ably altered, and consist now of slaty shales, and hard, thin-bedded 
sandstones, in which I was unable to find any fossils by which their age 
might be made certain. I have little doubt, -however, that they are 
Cretaceous. The trappean nucleus of this Butte is indistinguishable, 
lithologically, from that of the East Butte, formerly described, and forms 
shattered and rubbly hill-tops, in the same way. 


310. The clearest sections of the rocks surrounding this Butte, were 
met with on its western side, (Plate VIII., Fig. 2.) where a considerable 
brook issues from the central valley. The shaly-clays of division 4 of the 
Cretaceous, are here seen with a gentle westerly dip, somewhat indur- 
aled, and in places, baked into rather hard black clay-shale, corresponding 
exactly-with that previously found surrounding the East Butte. Their 
thickness, as developed here, may be roughly estimated at about 800 feet, 
though the nature‘of the sections did not allow of precise measurements. 
They are not here found to be characterized by the same abundance of 
septarian nodules, as in localities east of Milk River; a few such, 
however, occur, and minor arenaceous layers are also intercalated, and 
sometimes found to persist a considerable distance horizontally, though 
generally quite local and lenticular. In one of these masses a number of 
fossils were found, which though not in a very good state of preserva- 
tion, are very interesting. They include one or two species of 
Inoceramus, several gasteropods resembling Fusus, fragments of an. 
Ammonite, and a portion of a Belemniteila, probably B. Bulbosa, M. & H. 

Some fish scales, found with the other fossils here, are specifically 
identical with some of those occurring in certain beds at Pembina 
Escarpment, 600 miles distant, (Plate XVIII, Fig. 1.) and were not 
observed in any intermediate locality. 

311. Underlying these clay-shales of No. 4, in some places, are 
rather massive sandstones, tilted at high angles against the flanks of the 
eruptive rock. They represent the sandstone beds found occupying a 
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Figure tioning of Lower Tertiary Sandstones. [sg § 317.] 
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Figure 2—Relations of Cretaceous and Tertiary rocks to igneous masses of the Buttes—Section at West Butte. [§ 310. ] 
a, Lower jad sandstone. 4, Softer Lower Tertiar 'y beds, not well exposed, ¢, Upper Cretaceous sandstone, No, 5 
shales, No, 4, , Cretaceous sandstone. 


d, Cretaceous clay- 
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similar position on the East Butte, and probably indicate the base of 
division 4, and the top of the next lowest division of the Cretaceous. 
They might very well represent the sandstones which apparently under- 
lie the dark clay-shales near the Hast Fork of Milk River. Overlying 
No. 4, are massive sandstone beds, yellow in colour, and though in this 
place much more uniformly indurated, than those seen in the same 
relative position further east, no doubt represent the Upper Cretaceous 
sandstones of Division y., of the Bad Land sections. These sandstones, 
from their superior hardness, generally form a prominent ridge, at a 
little distance from the base of the Butte; some layers are flaggy and 
thin-bedded, but they did not appear to contain any fossils. On the west 
flank of the Butte, they dip away at an angle of about 12°, and a thick- 
ness of over forty feet is exposed. 


312. The exhibition of the lower rocks at the Buttes, enables the 
relative position of those forming the surface of the country—and traced 
almost continuously from Milk River to this point—which might other- 
wise have been a doubtful question, to be definitely ascertained. They 
are found to overlie the upper Cretaceous beds, and to be related to them - 
precisely as the lowest beds of the Lignite Tertiary are, in the Bad 
Lands south of Wood Mountain. The character of the Cretaceous beds 
is little changed, though the tendency of No. 4 seems to be, to become 
somewhat coarser in this direction. The Lignite Tertiary rocks have, 
however, changed very materially, and especially in becoming more 
distinctly marine, and perhaps also less lignitiferous. 


313. With regard to the age of the igneous masses, here so unex- 
pectedly found, all that the sections prove, is that they are later than the 
Lignite Tertiary rocks, which are elevated by them and traversed by 
their dykes. They are probably protrusions quite local in character, 
and not broadly based on similar rocks. This is indicated not only by 
the comparatively very slight metamorphism which the surrounding 
beds have sustained, but by the very rapid increase of the dip on 
approaching the masses, and the short distance which the disturbance 
consequent on their protrusion is found to extend. They have not, 
however, at all the character of modern volcanic cones, and I did not 
see any rocks in connection with them which had even probably cooled 
at the surface. If of the nature of volcanoes they are very ancient 
ones, of which the cores, or stumps, now only remain, and from about 
which the whole of the ejected material has been removed. The denu- 
dation affecting the rocks tilted up round the Buttes has been very great, 
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and from analogy with other circumstances, elsewhere more fully 
discussed, must have taken place to a great extent before the glacial era. 
They have, indeed, the appearance of having been subjected to a very 
long course of erosion in later Tertiary times, and may probably date 
from that period of disturbance closing the ‘Lignite Tertiary period, 
of which very extensive traces are found elsewhere in this western 
region. 

314. The quaquaversal dip of the sedimentary rocks round the 
central igneous masses of the Buttes, suggests a resemblance to Von 
Buch’s craters of elevation. This, though rather an exceptional mode 
of mountain formation elsewhere, would appear from the observations 
of Dr. Hayden and others, to be common in the west. Bear Peak, near 
the Black Hills, may be taken as an instance; and there the features 
represented in the Buttes appear to be almost exactly paralleled. Dr. — 
Hayden thus writes of the locality: ‘This peak is an isolated protrusion 
of basaltic rock, very compact, rising to a height of 1,500 feet above the 
prairie around, and separated from the Black Hills by an intervening 
space of seven or eight miles. All round the peak the disturbed beds 
form annular ridges, receding from the central point like the waves of 
the sea.” ** The central mass is elsewhere described as consisting of 
“porphyritic trappean rock.” Near Fort Benton,—which is only about 
eighty miles south of the Buttes,—eruptive rocks of post-cretaceous age 
appear to be frequently met with, and their contemporaniety with such 
masses as those of these mountains seems not unlikely. In the Report 
ust quoted, Dr. Hayden says: “ We have near the Arrow Creek a bed of 
erupted material thrust between Cretaceous rocks, which presents a 
vertical wall of 150 to 200 feet at one point, and then suddenly ceases. 
These small centres of effusion of melted rock seem to cover the whole 
region.” 

315. In the very valuable coloured map accompanying the same 
report, the geology of the country surrounding the Buttes, or Sweet 
Grass Hills, is conjecturally indicated, and reproduced without question 
in Hitchcock and Blake’s map, published in 1872. The annular structure 
there extended to these mountains from analogy, proves to be justified 
by the fact; but whereas in conformity with the structure of similar 
mountain masses to the south, rocks of Carboniferous, Triassic, and 
Jurassic ages, are represented as forming wide zones round the central 
protrusions, in a country based on the overlying Cretaceous rocks, I 


* Geological Report Yellowstone and Missouri Expedition., 1869, p, 42. t Ibid., p. 93, 
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By could find no rocks older than those of the Upper Cretaceous in 
, connection with the mountains, and the plain appears to be based 
entirely on the Lignite Tertiary beds. 


Cretaceous and Tertiary Rocks from the West Butte to the Eastern base of 
the Rocky Mountains. 


316. Westward from the West Butte, the beds are found to assume 
* a gentle synclinal form, and exposures are not infrequent in the steep 

banks of coulées. About six miles from the base of the West Butte, a 
gone of sandstone appears, which must hold a position considerably 
: above the base of the Lignite Tertiary, as the beds are still dipping 
westward at low angles. Two miles further west, the same sandstones 
are again seen, but now with a gentle eastward dip. The eastern and 
western outcrops of the sandstone form the low -escarpments of a 
plateau, due to its superior hardness, which occupies the trough of 
the synclinal. (Plate VIII, Fig. 2.) This synclinal arrangement is 
not, however, persistent, nor of great structural importance, as, in 
proceeding westward, sandstones which appear to occupy the same 
horizon in the Tertiary, are soon again found nearly horizontal. 

317. In asystem of ravines south of the Line, about twenty miles 
west of the base of the Butte, these sandstones are again well exposed, 
and have an estimated thickness of over thirty feet. In these valleys 
they occur not much below the general level of the prairie, and forming 
the upper parts of the banks, give them a most picturesque and remark- 
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able appearance. The lower layers of the sandstone are generally very 
regularly bedded, and some of them are exceedingly fine and thin, and 
show worm-tracks and other obscure markings. The upper beds are 
more massive and have a nodular character, which causes them to 
weather out into the castellated forms, resembling in some places those 
of the Roche Percée. (Plate VIII., Fig. 1.) Underlying the sandstones 
are less permeable clays, or arenaceous clays, of light colours, of which 
I did not succeed in finding good exposures, but which turn out 
numerous small springs of a highly saline character. The beds appear 
to be quite horizontal in this locality. 

318. Near this place, and about ten miles south of the Boundary- 
line, a bold escarpment occurs, facing southward, toward a great stretch 
of lower country. Its outline is that of any section of the bank in the 
last described valley, its abrupt edge being produced by the sandstone 
zone in the same way. From the rapid falling away of the surface of 
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the country to the south, it must also nearly mark the line which . 
_ place bounds the southern margin of Tertiary. . ‘ee * 

319. Two branches of the Milk River cross the Line with north 
easterly courses between the Buttes and the Rocky Mountains, and 4 
uniting to form the main stream of the Milk River, flow eastward, nor 
of the Buttes, and recross the forty-ninth parallel, with a south-easte “i 
course, as has been already mentioned. The Line crosses the eres of Rad 
these tributaries, at the 696 mile point, and though the stream flows pas 4 
a deep valley, the banks do not show anything but drift. Six miles — : 
west, however, a bend of the river again approaches the Line from the 
south, and it here exhibits very interesting sections of rocks probably — 
belonging to the base of the Lignite Tertiary. | ‘a “x 

320. The best exposures are found in a group of small hills, which — a) “a 
assumes in miniature, the appearance of the Bad Lands, and stands like © 
an island of older rocks among the drift deposits, which lap around its ne ae 
base. It is an outlyer of a plateau, which, with irregular edge, runs — 
northward with a little easting, where it crosses the Line. The beds are | = | 
horizontal, and are exposed for a thickness of about sixty feet. The is 
lower portion of the section is of pale greenish-grey clays, while above, — ae " 
the greenish colour is not so marked, and there are somewhat massive = 
sandstones. In some places the latter are almost conglomerates, and 
hold many small pebbles, the majority of which are of greenish shale. — 
They also include fragments of reptilian bones and large Unio shells. | 
Small nodules occur abundantly in some layers of the lower greenish ~ 
clays of a tint similar to the matrix. The bones are found in consider- 
able abundance in all parts of the section, but are much crushed and ; 
fissured. When imbedded in the bank, they are purplish-black in 
colour, but on weathering, assume whitish and rusty tints. It is very teu 
difficult to dig the bones out of the bank itself, from the great hardness 
of the dry clay relatively to that of the fossils, and where washed out by — 
the rains, they are found only as broken fragments, difficult to recon- — . 
struct. From specimens obtained here, however, in the course of a few 
hours, Prof. Cope finds, besides many broken bones of dinosaurs, new “A 
species of Cionodon and Compsemys, which he has called C. stenopsis and 
C. agmius, respectively. 

321. The greenish clay beds are doubtless formed of the disinteg- a 
rated material of beds of green shale, similar to those represented by the a “a0 
pebbles in the conglomerates. A microscopic examination of the clay ze tiny 
did not reveal any recognisable fragments of green mineral or rock, the — a i 
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. colour apparently residing in the very fine argillaceous matter, through 
which a few large partly rounded grains of transparent quartz are 
-_ seattered. The bones, in the manner of their preservation, much 
resemble those of division 8. of the Bad Lands south of Wood Mountain, 
which these beds may possibly represent. The lithological character, 
however, has changed considerably, as compared with any of the more 
~ eastern exposures of the Tertiary, though connecting links are supplied 
by the sections on the main stream of the Milk River, and in the vicinity 
of the Buttes. Sandstones are now more important, and coarser in 
F texture, and the clays and argillaceous sands have assumed more defi- 
: nitely than ever before, the greenish tint above referred to. 
| 322. It is a curious coincidence that near this place, also, green 
5, slaty shale begins to be an abundant constituent of the drift. It does not 
Re: appear to be derived from the degradation of the Tertiary rocks, as the 
, matrix of their conglomerates is generally harder than the enclosed 
shale, but must come directly from the slopes of the Rocky Mountains, and 
increases in abundance on approaching them. It would thus appear 
probable that even in early Tertiary times some part at least of the 
mountains was sufficiently elevated to allow a distribution of fragmental 
material similar to that afterwards taking place on a larger scale in the 
glacial period. ; 
323. About fourteen miles further west, the Second Branch of Milk 
River is met with, and in its valley, for several miles, beds resembling 





























those last described are exposed and are still apparently quite horizontal. 
BS The best sections—which are near the river level—probably show beds 
somewhat lower in the series than those last described, which the higher 
parts of the banks on both sides of the valley more closely resemble. 
About forty feet above the level of the stream, a thin band of nodular and 
ferruginous limestone was found to be highly fossiliferous. The rock 
is dark bluish-black internally, but weathers reddish-brown. Frag- 
ments from the same, or a precisely similar band, were previously found 
detached in the valley of the First Branch of Milk River, twenty miles 
eastward. The fossils are entirely those of fresh-water, and include 
specimens of Paludina, Limnea, Planorbis, Spherium, and a Bulinus or 
Physa. The Planorbis is almost certainly that called P. subumbilicatus 
by Meek, from the Tertiary of Fort Clarke, ( Valvata subumbilicata of 
Smithsonian Check List?) though I have not had an opportunity of 
comparing it with authentic specimens. It also, however, appears to 
be indistinguishable from small specimens of Planorbis parvus of Say, now 
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so common over the North American continent. The Sphee herium 


_ with all the mineralogical characters of true bituminous coal, was found. * 
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specifically the same with that previously found on the Milk River 3 110 
miles further east, and referred to 8. formosum M. & H. The Pau 
remains of are very fragmentary, but there are forms indistinguist 
from specimens of P. Trochiformis and P. Conradii. ue 
324. The occurrence of fresh-water forms so far west, while the oh if 
general tendency of the lower beds of the Tertiary is to become more 
distinctly marine westward, would either tend to show that there we ro 
important exceptions to this rule, or that the beds here represented - are” 
high up in the series. The occurrence of abundant Dinosaurian remains — oh 
in the section described in paragr aph 320, would seem to tell agai n t ; : be 
the latter conclusion, and it would appear that the question must oa 4 2: ) 
for the present an undecided one. me . 
325. Fifteen miles further west, is the St. Mary River, a tributary of os 
the Belly River. Its banks show good exposures for several miles, and — 
here the disturbance connected with the elevation of the Rocky Mountains — 
is first found to begin. The sudden nature of the break separating the © € 
nearly horizontal beds of the country further east, from the region of 
sharp and frequent flexures now entered upon, is a matter of surprise, as _ 
is also the very limited width of the belt of country much affected by ae m 
the disturbance, the St. Mary River, on the Tine, being only about A a 
twelve miles from the bare sides of the ‘outlying range of Chief es 
Mountain. ae 
326. The lowest rocks seen in the part of the river examined, were 
sandstones of greyish and yellowish tints, regularly bedded, and quite a | 
hard, with some surfaces showing ripple-marks and worm-tracks. They: 
have a south-westerly dip at an angle of 20°, and are present in con | | ame 
siderable thickness. About half a mile south of these lower beds, and ae | 
overlying the upper layers of the same sandstone zone, a bed of fuel, Bo. 
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It has a thickness of about eighteen inches only, and occurs just at the | - 
level of the water in the river, by which it is partly covered. It breaks — ate 
with a clean fracture into cuboidal fragments with bright faces, and is ie e 
indistinguishable in appearance from many coals of the true Carboniferous _ 
formation. Below the coal is a foot or two of dark carbonaceous shale, 
somewhat indurated, and holding imperfect remains of plants. A similar 
shale, but only a few inches in thickness, rests upon the coal, and is — 





* I am indebted to Mr, W, A, Ashe, of the Survey party, for first calling my attention to this deposit. — E 
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followed in ascending order by a hard shell-bed eighteen inches to two ar 
feet thick, dark-coloured from included carbonaceous matter, but in the ~ “a 
main composed of shells of Ostrea and Cyrena. Above this is a con- 
siderable thickness of flaggy and ripple-marked sandstones, greyish and 
brownish-grey, with a dip of S. 28° W. < 35°. The ripple-marks 
indicate a current with a direction of S. 14° W. (mag.) 

327. A few hundred yards south-east of the last exposure, sand- 
stones similar to those overlying the coal are found well shown in a 
steep bank. (Plate IX., Fig. 2.) They are sharply folded into an anti- 
¢linal form, and are overlaid by a considerable thickness of greenish-grey 
clay beds. The latter are charged with small flat masses of calcite, formed 
apparently in fissures, but now scattered over the surface of the clay- 
ce bank, giving it a remarkable appearance. <A sheil-bed very similar to 
that found in connection with the coal, but probably not identical with | : 
it, as it wants the carbonaceous colouring matter, also appears here. ; 
It probably underlies the sandstone, but though large blocks of it are 
‘strewn about, it is not very well exposed. The rocks are so abruptly 
folded that they appear in some places to be slightly overturned; and in 
_the absence of large or continuous sections, the precise relations of the 
beds cannot be traced. | | 
te 328. About two miles northward on the same river, it cuts through 
high banks which exhibit similar rocks. It here seems to follow still 
ay more Closely the line of fracture of the country, the beds on the east 
| side being not far from horizontal, while those on the west are much 
disturbed, the lithological character and general appearance of both 
‘series being, however, much alike. No coal-beds, or beds containing 
fossils were seen here. 

329. Four miles west of the St. Mary River, a hard fossiliferous bed 
comes to the surface, forming the crest of a ridge. It dips west-south- 
west, at an angle of 20°. Where exposed, it is an almost solid mass of 
fossil shells, forming a rough limestone. The same molluscs are repres- 
ented here as in the other sections in the locality of St. Mary River, the 
most abundant being a species each of Cyrena and Ostrea. The former 
is probably C. occidentalis, M. & H., and in some of its forms is scarcely 
distinguishable from C. cordata, Morris, a shell of the English Kocene.* 

The Ostrea is a large shell, trigonal, and very massive, but not yet 
specifically determined. 


* Figured in Journ. Geological Society, Vol. X. Meek, compares C. occidentalis with this species, 
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330. A short distance further west, a bed of hard sandstone appears, 
again forming the crest of a ridge, which can be traced.for miles in a 
north-westward course. The strike of the sandstone itself, as shown 
by the stratification lines, is N. 41° W., (mag.) with a south-westerly dip 
at high angles. The persistence of this bed in the line of its strike seems 
to show that, though the strata are so much disturbed, the folding has 
taken place very regularly, parallel to a single direction. The sandstone 
evidently underlies the shell bed last referred to, and must be some 
hundreds of' feet below it. It is yellowish, and not so much indurated as 
that seen in the bed of the river, some layers being still quite soft. In 
this bed was found enclosed, a trunk of silicified wood, the first actually 
observed in situ, though fragments are abundant in the drift several hun- 
dred miles eastward. 

331. The whole of the exposures seen in the vicinity of the St. Mary 
River, evidently belong to one series of beds; but with so much disturb- 
ance and folding, it is probable that in some places, beds both much 
lower and higher than those observed, must occur at the surface. Those: 
seen do not precisely resemble any part of either the Cretaceous or 
Tertiary rocks previously examined. They belong, however, without 
doubt, to the latter series, and are probably near its base. The gradual 
change which is found to effect the Lignite Tertiary, as followed west- 
ward, has here reached its extreme. The occurrence of a true coal, 
differing altogether from the lignites previously found to cover so great 
an area of these western marine representatives of the Lignite Tertiary, 
raises questions of much importance, which are more fully discussed in 
the sequel. 

332. Nearer the base of the mountains, few exposures of the rocks 
of the plains were.seen, and these singularly deficient in fossils or other 
means of correlating them with their eastern representatives. From 
what I could see, however, I am of opinion that in the immediate 
vicinity of the forty-ninth parallel, rocks representing the Lignite 
Tertiary, come almost to the base of the bare rocky cliffs of the 
Mountains. I did not find any beds certainly Cretaceous, but it is 
highly probable that they are brought to the surface in many places, 
and cover larger or smaller areas. 

333. About eight miles north of the entrance to the Kootanie Pass, 
sandstones similar to those seen on the St. Mary River, and clays charged 
in precisely the same way with flakes of calcite, were found within about 


two miles of actual exposures of the paleozoic rocks of the mountains. 


PLATE IX. 
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Figure 1—Disturbed Cretaceous or Tertiary beds near the Mountains. [$ 333. ] 
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Figure 2—Flexure of Lignite Tertiary sandstones—St. Mary River. [§ 327.] 
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Five miles east of the entrance of the pass, and north of the Mount Wilson 
Range, exposures of thin-bedded clays and argillaceous sandstones, with 
occasional beds of hard flaggy sandstone, were seen. The whole are of 
various shades of light grey, and though curiously folded and faulted, not 
much altered. Some surfaces of the sandstone are strewn with small 
carbonaceous fragments, but no recognizable fossils were found. (Plate 
IX., Fig. 1.) , 
334. The South Fork of the Belly River—which rises between the 
Mount Wilson and Chief Mountain ranges, and flows northward out upon 
the plain—where its valley is contracted among the mountains, in some 
places lies between high banks, which though in most cases composed 
of drift, in one locality, about four miles north of the Line, showed a 
section of beds probably Tertiary. The beds are thin sandstones and clays, 
like the last, and dip northward at an angle of about 15°. These beds 
here actually lie in a retired valley among the older rocks of the moun- 
tains. Further down the same stream, large fragments of lignite, 
exactly resembling that of the eastern Tertiary rocks, were found. As 
drift at this elevation is altogether derived from the mountains, and not 
so far travelled as that of the lower levels, it is almost certain that in this 
valley there exist some beds of Tertiary lignite. 
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CHAPTER VI. 


GENERAL ARRANGEMENT AND EXTENT OF THE CRETACEOUS AND 
LIGNITE TERTIARY FORMATIONS. 


Cretaceous No. 1.—Typical series—Representatives westward—Dr. Hector’s Group 
E—Lignites in Lower Cretaceous Rocks—Lignite from Rainy River.—CrRE- 
TACEOUS No. 2.—Typical series—Representatives westward—Beds of this age 
on the Saskatchewan—Dr. Hector’s Group D.—Creracrovs No. 3.—Typical 
series—Representatives westward—Representatives in Manitoba.—CRETACE- 
ous No. 4.—Typical series—Pembina Mountain Group—Representatives on 
the Line westward—Effect of this Formation on the country—Modifying 
effect of Drift—Saline springs—Prof. Hind’s Section—Dr. Hector’s Groups 
B and C.—Creraceous No. 5.—Typical series—Representatives on the Line 
—Prof. Hind’s Section.—DisrrisuTION oF CRETACEOUS SUBDIVISIONS—LiG@- 
NITE TERTIARY FoRMATION.—Relation of beds on the Line—Eastern limit of 
the Formation—Western Representatives—Persistent zone of Sandstones— 
Resemblance of western series to Judith River beds—Tertiary Beds observed 
by Dr. Hector. 





Cretaceous No. 1—Dakota Group. 


335. The beds representing the Dakota, or lowest Cretaceous division, 
in the typical Missouri River sections, are described as being “ yellowish, 
reddish, and occasionally white sandstones, with, at places, alternations 
of various coloured clays, and beds and seams of impure lignite; also 
silicified wood, and great numbers of leaves of the higher types of 
dicotyledonous trees,” with “casts of shells referable to the genera 
Pharella, Axinea, Mactra, and Cyprina,’ * and Unio Nebrascensis. This 
description refers to the eastern outcrop of the formation, and where the 
Cretaceous rocks are again exposed beyond the western margin of the 
Tertiary basin, and along the base of the Rocky Mountains, the whole 
Dakota group appears to be represented by a series of alternating clays 
and sandstones. Dr. Hayden says of the western representatives of 
this group:—“ Along the margins of the mountain elevations, I have 
never been able to discover a single specimen of organic remains that 
would establish the age of the rocks. I only know that there is a series 
of beds of remarkable persistency, all along the margin of the mountain 
ranges, holding a position between well-defined Cretaceous No. 2 and 
Jurassic beds, and in my previous reports, I have called them transition 





* Geological Report Yellowstone and Missouri Expedition. 








E beds, or No. 1. They consist of a series of layers of yellow and grey, 
- more or less fine-grained sandstones and pudding-stones, with some 
intercalated layers of arenaceous clays. In almost all cases there is 
associated with these beds a thin series of carbonaceous clays, which some- 
times become impure coal, and contain masses of silicified wood, &c.” Also, 
“on the eastern slope of the Big Horn Mountains, I observed this same 
series of beds in the summer of 1859, holding a position between Cre- 
taceous No. 2, and the Jurassic marls, with a considerable thickness of 
earthy lignite,” and large quantities of petrified wood.* Fresh water shells 
of the genera Unio, Planorbis, and probably Paludina, have been found in 
association with Ostrea, in beds apparently belonging to this part of the 
formation in the Black Hills region. It preserves a very similar charac- 
ter as far south as Colorado, and there appears to have been somewhat 
definitely correlated with the lowest Cretaceous of the eastern Missouri, 
by the discovery of certain plant remains. The conditions implied 
throughout, are those of deposits forming in shallow, salt, or brackish 
waters, with neighbouring extensive land surfaces, and a marked ten- 
dency toward the accumulation of carbonaceous beds or lignites. 

4y 336. To this division of the Cretaceous, Dr. Hector is inclined to 
| refer the group which in his general section he has designated by the 
detter E.,{ and which is characterized by great deposits of lignite. The 
proviso, however, is made, that the region which he had examined did 
not afford sufficiently clear evidence, to render it certain that under the 
same title, he had not included some Tertiary rocks as well as Cretaceous. 
The rocks of Series E., are thus described: “Sandstone, coarse and friable, 
or argillaceous and concretionary, indurated shales and soft limestones, 
ironstone nodules, beds of lignite 3 to 10 feet. Silicified wood, Tazites 
and sedge-like stems in the sandstones.” § 

337. It is highly probable that some at least of the coal and lignite 
bearing beds, described by Dr. Hector, are really Cretaceous, in view of 
some of the fossils which he has found associated with them.|| The 
question might indeed be considered as definitely settled in that sense, 
but for the remarkable mingling of Cretaceous fossils with those of the 
5 Lignite Tertiary, in the far west; a subject more fully noticed on a sub- 
sequent page. If then, it be admitted that a part of the carboniferous 
beds belong to the Cretaceous properly so-called, it would appear that they 









*U. S. Geol. Surv. Territ., 1857-59., p. 113. + U.S. Geol. Surv. Territ., 1873. 
t The lettering affixed to Dr. Hector’s general sections, in his Official Report, and in his paper in 
Vol. XVIL, of the Journal of the Geological Society, differs. I have adopted that of theformer. _ 
_ § Exploration of British North America, p. 227. || See especially Foot Note to p. 233, Op. cit. 
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must represent one or other of its lower divisions, as from the litholo, 


most widely separated exposures on the forty-rinth parallel, it scone 









character of the two Upper Cretaceous groups, preserved with great 
uniformity, in the various localities south of the Line, and also in the | 










highly improbable that in a comparatively short distance to the northward, — 


they should so change their character as to become coal-bearing. The 


known tendency of the Dakota group, would then certainly point to it 5 
as being the one represented. At the same time, I cannot resist the con- 
clusion, that Dr. Hector was right in supposing that some Tertiary beds ‘ ge 
are included in his division K., and it may even turn out that a large — “ex ae 
proportion, or the whole, of this group, really belongs to the base of the — ie 
Lignite Tertiary. The subject is one not only of geological interest, but 238 
of great practical importance, for should it be found, that there are two 
distinct carboniferous horizons in the rocks of the North-west; the area 
over which valuable deposits of fuel are to be expected, would—as hee 
out by Mr. Selwyn—be very largely increased. 
338. The beds referred by Dr. Hector to division E., appear ee be 
extensively developed on the upper parts of nearly all the rivers flowing — 
eastward from the base of the mountains, including the Red Deer River, 
North and South Branches of the Saskatchewan, Athabaska, and North — 
Pembina Rivers. Their furthest eastward appearance on the North Sas. | 
katchewan, is stated to be about fifty miles below Edmonton. Mr. Selwyn 
who has examined the coal-bearing rocks of this river in 1873, inclines 
to the view that they are truly Cretaceous, and draws attention in this 
connection to the fact, that the coal series of Vancouver Island is now 
known to occur in the lower part of that formation.* 3 
339. Rocks of the Dakota period have not been recognised i in Mani- 
toba, or in any locality along the eastern out-crop of the Cretaceous in — 
British America. In the vicinity of the Line they are concealed below 
the alluvial lands of the Red River Valley, and if natural exposures are 
to be looked for at all in this region, it must be in some part of the high 
lands marking the escarpement of the Cretaceous west of the great Bys- 
tem of lakes. That the occurrence and nature of these beds may not be 
an unimportant question, is shown by their character in Nebraska, where 
they contain lignites, which though not of very good quality, or great 
thickness, have been more or less used economically, on account of the 
great scarcity of fuel in that treeless region. These beds, associated 



























* Report of Progress. Geol, Sury. Canada, 1873-74. p. 50, 
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with carbonaceous clays, are mentioned as occurring in numerous locali- 
ties, and one of them—which appears, however, to be in transition beds 
between this and the next overlying division—is even stated to have been 
“worked to a considerable extent,” and used by blacksmiths with some 
success.* Similar beds are now also known to occur in Cretaceous rocks 
in south-western Minnesota, though not as yet found of a quality suffi- 
ciently good for use as fuel. + 

340. Through the kindness of Mr. A. L. Russell, I have received a sam- 
ple of lignite from a locality near Fort Francis, on the Rainy River, east 
of the Lake of the Woods. An analysis of the lignite$will be found in a 
subsequent chapter. It is said to be found below the water level, in several 
small streams, and though no geologist has visited the locality, it appears 
to occur in too great quantity to be accounted for as far travelled drift. It 
may prove that in this locality we have a Lower Cretaceous outlier simi- 
_lar to those of Minnesota, but here probably resting on the Laurentian. 

341. The possibility of the discovery of such fuels as these, in the 
Province of Manitoba, might not seem worthy of much attention; but 
there is no reason why in a series such as this, good and valuable depo- 
sits may not exist in some localities ; a probability greatly heightened ifthe 
lignites of the base of the Rocky Mountains, are found to appertain to rocks 
of similar age. In any event, in the representatives of the Dakota series 
in Manitoba, there appears to be a possibility that workable lignite 
beds may exist, and should this prove to be the case, they would offer the 
nearest and most:accessible source of fuel, to the settlements of the Red 
River Valley. 


Cretaceous No. 2.—Fort Benton Group. 


342. The Fort Benton Group, or second division of the typical 
Cretaceous series, is so closely associated with the last, that further 
investigation may probably render it advisable to unite the two under 
one name. This is especially the case in many of the more western 





* U.S. Geol. Surv. Territ., 1867. p. 48. ; 
t Prof. N. H. Winchell. Second Annual Report Geol. Surv. Minn., 1874. 

Prof. Winchell’s conclusions on the Cretaceous coals (so called) of Minnesota, are interesting as bear- 
ing on a country situated in many respects almost exactly as Manitoba. He writes :— 

1. The rocks that have been explored for coal on the Cottonwood aud Redwood Rivers, belong to the 
Cretaceous system, and do not promise to be productive of coal in valuable quantities. 2. The coal here 
taken out is of an inferior grade, though varying from cannel coal to charcoal. 3. As the rocks of the 
Cretaceous period are believed to have existed throughout the most of the State, the only probable excep- 
tion being in the south-western portion, including half-a-dozen counties, such coal is likely to occur ina 
great many places. 4. The “‘ Float” coal which hasso often attracted the attention of the people, is de- 
rived, so far as yet known, from the disruption of the Cretaceous rocks by the glaciers of the ice period. 
It is scattered through the drift, and is met with in wells and other excavations, and may be often picked 
up along the beds of streams. 
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must represent one or other of its lower divisions, as from the lithological 
character of the two Upper Cretaceous groups, preserved with great 
uniformity, in the various localities south of the Line, and also in the 
most widely separated exposures on the forty-rinth parallel, it seems 
highly improbable that in a comparatively short distance to the nerthward, 
they should so change their character as to become coal-bearing. The 
known tendency of the Dakota group, would then certainly point to it 
as being the one represented. At the same time, I cannot resist the con- 
clusion, that Dr. Hector was right in supposing that some Tertiary beds 
are included in his division E., and it may even turn out that a large 
proportion, or the whole, of this group, really belongs to the base of the 
Lignite Tertiary. The subject is one not only of geological interest, but 
of great practical importance, for should it be found, that there are two 
distinct carboniferous horizons in the rocks of the North-west; the area 
over which valuable deposits of fuel are to be expected, would—as ‘Ai: 
out by Mr. Selwyn—be very largely increased. 

338. The beds referred by Dr. Hector to division E., appear to be 
extensively developed on the upper parts Of nearly all the rivers flowing 
eastward from the base of the mountains, including the Red Deer River, 
North and South Branches of the Saskatchewan, Athabaska, and North 
Pembina Rivers. Their furthest eastward appearance on the North Sas. 
katchewan, is stated to be about fifty miles below Edmonton. Mr. Selwyn 
who has examined the coal-bearing rocks of this river in 1873, inclines 
to the view that they are truly Cretaceous, and draws attention in this 
connection to the fact, that the coal series of Vancouver Island is now 
known to occur in the lower part of that formation.* 

339. Rocks of the Dakota period have not been recognised in Mani- 
toba, or in any locality along the eastern out-crop of the Cretaceous in 
British America. In the vicinity of the Line they are concealed below 
the alluvial lands of the Red River Valley, and if natural exposures are 
to be looked for at all in this region, it must be in some part of the high 
lands marking the escarpement of the Cretaceous west of the great sys- 
tem of lakes. That the occurrence and nature of these beds may not be 
an unimportant question, is shown by their character in Nebraska, where 
they contain lignites, which though not of very good quality, or great 
thickness, have been more or less used economically, on account of the 
great scarcity of fuel in that treeless region. These beds, associated 





* Report of Progress, Geol, Surv, Canada, 1873-74. p. 50, 
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with carbonaceous clays, are mentioned as occurring in numerous locali- 
ties, and one of them—which appears, however, to be in transition beds 
between this and the next overlying division—is even stated to have been 
“worked to a considerable extent,” and used by blacksmiths with some 
success.* Similar beds are now also known to occur in Cretaceous rocks 
in south-western Minnesota, though not as yet found of a quality suffi- 
ciently good for use as fuel. + 

340. Through the kindness of Mr. A. L. Russell, I have received a sam- 
ple of lignite from a locality near Fort Francis, on the Rainy River, east 
of the Lake of the Woods. An analysis of the lignite$will be found in a 
subsequent chapter. It is said to be found below the water level, in several 
small streams, and though no geologist has visited the locality, it appears 
to occur in too great quantity to be accounted for as far travelled drift. It 
may prove that in this locality we have a Lower Cretaceous outlier simi- 
_ lar to those of Minnesota, but here probably resting on the Laurentian. 

341. The possibility of the discovery of such fuels as these, in the 
Province of Manitoba, might not seem worthy of much attention; but 
there is no reason why in a series such as this, good and valuable depo- 
sits may not exist in some localities ; a probability greatly heightened ifthe 
lignites of the base of the Rocky Mountains, are found to appertain to rocks 
of similar age. In any event, in the representatives of the Dakota series 
in Manitoba, there appears to be a possibility that workable lignite 
beds may exist, and should this prove to be the case, they would offer the 
nearest and most:accessible source of fuel, to the settlements of the Red 
River Valley. 


Cretaceous No. 2.—Fort Benton Group. 


342. The Fort Benton Group, or second division of the typical 
Cretaceous series, is so closely associated with the last, that further 
investigation may probably render it advisable to unite the two under 
one name. This is especially the case in many of the more western 


* U.S. Geol. Surv. Territ., 1867. p. 48. 
t Prof. N. H. Winchell. Second Annual Report Geol. Surv. Minn., 1874. 

Prof. Winchell’s conclusions on the Cretaceous coals (so called) of Minnesota, are interesting as bear- 
ing on a country situated in many respects almost exactly as Manitoba. He writes :— 

1. The rocks that have been explored for coal on the Cottonwood aud Redwood Rivers, belong to the 
Cretaceous system, and do not promise to be productive of coal in valuable quantities. 2. The coal here 
taken out is of an inferior grade, though varying from cannel coal to charcoal. 3. As the rocks of the 
Cretaceous period are believed to have existed throughout the most of the State, the only probable excep- 
tion being in the south-western portion, including half-a-dozen counties, such coal is likely to occur in a 
great many places. 4. The “ Float” coal which hasso often attracted the attention of the people, is de- 
rived, so far as yet known, from the disruption of the Cretaceous rocks by the glaciers of the ice period. 
It is scattered through the drift, and is met with in wells and other excavations, and may be often picked 
up along the beds of streams. 
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~ localities, south of the Black Hills, inl along the base of the! k 
Mountains. In Nebraska, this division is described as ae of 
“dark grey laminated clays, with lighter coloured arenaceous part ngs, 
and layers and beds of sandstone. Towards the upper part, near its cot a4 
nection with the Niobrara Division above it, it sometimes includes inter- 

- ealated layers of grey limestone, in all respects similar to the lower 
portions of the overlying rock; while at some other places, its upper 
portion passes into a dark shale.”* Furthcr west it is very a 
developed near Fort Benton on the Missouri, from which it takes its 
name. The beds here “assume the form of black plastic laminated clay, 
with numerous calcareous concretions.” + The western edge of this 
division in Colorado, shows shaly beds, which, though generally argilla- ie: 
ceous, are occasionally quite arenaceous, and sometimes more or less si 
calcareous; the total thickness varying from 200 to 400 feet. f ae 
343. In the eastern region of British North America, this portion, a 

of the formation seems to have been pretty clearly recognized,on the 
Saskatchewan, near Fort 4 la Corne, by Prof. Hind, who says:— 
“On the North Branch of the Saskatchewan, and a few miles above the oF 











































4 Grand Forks, huge masses of a dark coloured, almost black shale, with 
p sharp well-preserved edges, jut out of the banks, and are exposed 

ge whenever portions of the face of the clay cliffs fall into the river. Their 

j appearance is such as to justify the expectation, that rock in position, 

z . from which they originated, is close at hand. Some specimens which I 

aa procured and sent to Mr. Meek, contain, according to that gentleman, 
a fish scales, sharks’ teeth and Jnoceramus, which renders it almost certain | 
Mf that the masses were detached from rocks belonging to formation 2,or 

3, of the vertical section.”§ Cretaceous No. 2 is also stated to have been en 

bs recognized from specimens found on the Assineboine River, 250 miles 
a west of Fort Garry ;|| but, as the locality thus described must be near 


Fort Ellice, where the exposures are few, and Dr. Hector, who has” ie 
examined them, found fossils characteristic of the 4th group only; it is — 
probable that some mistake has arisen, either in the localization of the 
specimens, or from their obscurity. , 

344. Dr. Hector, though he does not expressly state that he con-— 
siders his Group D., as representing the Fort Benton, or 2nd group of 


Meek and Hayden’s section, implies as much by placing it between beds 





* Geological Report Yellowstone and Missouri Expedition. t Ibid. p. 93. 
t U.S. Geol.Surv. Territ., 1873. p- 101. 
§ Report Assineboine and Saskatchewan ‘Exploring Expedition, 1859. 
|| Prof. Meek, in Geological Report Yellowstone and Missouri Expedition. p. 16. 
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which he correlates with groups 1, and 2. Group D. is described as 
consisting of “sandstone overlying marly clays, banded with thin seams 
of ironstone, thin beds of limestone, stiff dark blue clay, and arenaceous 
shales, with Ostrea cortex, O. vellicata, O. anomiceformis, Cytherea, Mytilus, 
Cardium, Venus, Natica, &c., and stems and roots of silicified trees.” * 
Rocks of this series, he believes, underlie a considerable area of the third 
great prairie plateau, and are mentioned as occurring on the lower part of 
the Red Deer River, at the Hand Hills, at the Elbow of Battle River, above 
Fort Pitt on the North Saskatchewan, on the Bow, and Belly Rivers, and 
also to the west and north of Edmonton. The relations of this group 
with those above and below it, do not seem, however, to have been very 
clearly made out, and Dr. Hector appears to remain in some doubt, as to 
its position and distribution.¢ Ostrea vellicata, and O. anomiceformis, are 
shells characteristic of the Cretaceous formation, in its development near 
the Mexican frontier, and while their occurrence probably places beyond 
dottbt, the Cretaceous age of some of the beds here referred to, it is 
probable that others, especially in the more southern localities, may 
belong to the marine base of the Tertiary; the rocks of which, in some 
places near the forty-ninth parallel, answer closely to their description. 


Cretaceous No. 3.— Niobrara Group. 


345. The occurrence of rocks of the Niobrara, or 3rd division of the 
Cretaceous, in the escarpment ot Pembina Mountain, near the Boyne River, 
has been already noticed. (p.78.) The specimens, so far as they go, ex- 
actly resemble those of this member in the typical section in Nebraska, 
which Dr. Hayden thus describes :—“ Lead-grey calcareous marl, weather- 
ing to a yellowish and whitish chalky appearance above, containing large 
scales and other remains of fishes, and numerous fragments of Ostrea conjesta 
attached to fragments of Inoceramus, passing down into light-yellowish 
and whitish limestone ” and blending with the next lowest group. ‘“ At 
the Black Hills this rock sometimes presents its normal appearance, but 
generally there, as well as along the Rocky Mountains further west, is 
scarcely distinguishable lithologically from the formation below.” t In 
Colorado, according to Mr. Marvine, No. 3 still retains to some extent 
its calcareous character, and consists in great part of impure limestones, 
often highly fossiliferous. § | 


* Exploration of British North America, p. 227. t Ibid., p. 229, 
t Geological Report Yellowstone and Missouri Expedition, p. 14, 
§ U. 8, Geol. Surv. Territ., 1873. p. 102. 
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346. With this division Dr. Hector correlates group ©, of his general 
section, composed of dark clays, with septarian nodules. These beds, 
however, I have, I believe, clearly identified as forming an integral part 
of Meek and Hayden’s 4th group, as displayed in the vicinity of the 
Line, a conclusion also warranted by the fossils obtained by Dr. Hector 
in them. If this is the case, none of the beds described by Dr. Hector 
can be cited as representing No. 3, unless, indeed, a part of those 
included under D., may belong here. The rocks which appear to come 
up from below No. 4, near the East Fork of Milk River, already fully 
described ; (§ 280) from their position might represent the Niobrara 
group, and it is worthy of remark, that in their lithological character 
they pretty closely resemble Dr. Hector’s group D. Limestone beds, or 
even rocks containing many calcareous fossils, are, however, altogether 
wanting, and the occurrence of richly carbonaceous clays so close below 
the base of Ne. 4, is somewhat anomalous. A similarity also suggests 
itself between these beds and those described by Dr. Hayden, * 
as directly underlying the Judith River fresh and brackish-water de- 
posits. These Dr. Hayden provisionally classes with Cretaceous No. 1, 


and has observed in another locality, to pass beneath No. 4; which 


appears to prove that in this particular region, Nos. 2 & 3, are unrepre- 
sented. The lithological resemblance is moderately close. 


Cretaceous No. 4. Fort Pierre Group. 


347. This group appears to occupy a very great extent of country in 
the region north of the forty-ninth parallel The junction of this part of 
the formation with that next below it, is pretty definite, and there is 
not the same palontological and lithological blending, that occurs be- 
tween the three members below it. At its base, occurs the first real break 
in the typical Cretaceous series of the interior of the continent; and 
here the line separating the upper and lowey portions of the Cretaceous 
has been placed. In the Nebraska section, this division is represented 
by a great thickness of “ fine, grey, and dark-coloured clays, in moderately 
distinct layers, but never presenting a laminated or slaty structure, like 
the Fort Benton group. When wet the clays are soft and plastic, but on 
drying they often crack and crumble so as to obliterate the marks of 
deposition in vertical exposures.”+ Toward the base, there occurs in this 
division, in some places, a local bed of from ten to thirty feet in thick- 





_ _* Proc. Acad, Nat. Sci. Phil., May, 1875. 
t Geological Report Yellowstone and Missouri Expedition, p. 19, 
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; ness, of fine unctuous clay, with much carbonaceous matter, and contain- 
ing also crystals of pyrites and selenite, and impressions of fish scales: 
The western outcrops of No. 4 on the upper Missouri, and along the 
Rocky Mountains, as far south at least as Colorado, appear to maintain, 
to a great extent, the character which it presents in the east. 

348. The beds which I have included in the Pembina Mountain group, 
appear to belong to this part of the series. Their character has already 
been fully described. They extend; in all probability, on the forty-ninth 
parallel, from the escarpment of Pembina Mountain, nearly to the edge 
of the Lignite Tertiary formation, on the 102nd meridian. In the great 
scarcity of organic remains, they resemble the typical series as developed 
in the original locality near Fort Pierre,* and from the obscurity of their 
stratigraphical relations in the Pembina Mountain region, their position 
might still remain a doubtful question, but for their precise lithological 
resemblance to beds, north, and west of this place, the horizon of which 
can be defined by paleontological evidence, and superposition. The only 
part of the Pembina Mountain series, in which septarian nodules form a 
striking feature, is that shown at the foot of the escarpment, and near 
the base of the sections there exposed. 

349. Where these rocks are again brought to view south of the Wood 
Mountain Tertiary plateau, their general appearance is somewhat different 
from that of those of the Pembina Mountain sections. They are, as a 
whole, more crumbling and earthy, but extensive layers in them still so 
closely resemble the eastern rocks, as to be lithologically indistinguish- 
able from them. These harder layers do not appear to be confined to any 
particular horizon, but occur in different localities, sometimes near the 
top, sometimes nearer the base. The septarian nodules are now found at 
several different levels in the section, characterizing narrow zones, and it 
is almost exclusively in connection with them that fossils are preserved, 
the intermediate beds being nearly as barren as the clay-shales of Pem- 
bina Mountain, but always clearly distinguishable from the overlying 
Tertiary rocks. 

350. After passing over a great plain based on Tertiary rocks, the 
4th group again appears upturned around the flanks of the Buttes, and 
still preserving—though now within a hundred miles of the base of the 
Rocky Mountains—its old characters, the only real change being the in- 
troduction of a few arenaceous layers, smal]! in thickness and extent, but 


* Geological Report Yellowstone and Missouri Expedition, p. 40. 
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sufficient to vindicate the character maintained through the whole of the 


Cretaceous period by the Rocky mountain region—that of deposit by more Ay 
rapidly moving waters. West of this place, the beds of the Fort Pierre — 
group are not seen in the vicinity of the Boundary-line, though I am of 


opinion, from the rapid southward slope of the country toward the 
Missouri Valley, that these beds of the Cretaceous must again come to 
the surface not far south of the forty-ninth parallel. The Missouri, it~ 
would seem, flows for the upper part of its course in a trough excavated 


in Cretaceous beds, of which the southern part of the Lignite Tertiary, — 


met with on the forty-ninth parallel, forms the northern edge. 


351. The character impressed on the face of the country, whenever — 


the beds of No. 4 immediately underlie the surface, is unfavourable in 
the highest degree. Without the intermixture of foreign material, the 
debris of these rocks seems scarcely capable of supporting vegetation. 
Their fine unctuous character prevents any drainage from below, and the 
plains based on them, alternate with the season, from the condition of 
soft tenaceous mud, to that of hard white sun-cracked clay. I have 
frequently noticed spots poached up by the buffaloes in their spring 
migration, consolidated by the heat and drought of summer to such an 
extent, that the passage cf twenty or thirty loaded waggons will not 
suffice to form a level trail. These clays appear also to want the 
chemical ingredients of a good soil. Calcareous matter is generally 
almost entirely absent, and from the small quantity of organic remains, 


and the refactory nature uf the shales under the blow-pipe, phosphates | 


and alkalies are probably deficient, the felspar being, to a great extent, 
kaolinized. The saline waters of springs issuing from these clays, 


impregnate the soil of the low grounds and vallies, and produce condi- _ 
tions favourable to the growth of Sulicornea, Obione, Sarcobatus, &c., 


while the higher plains are the most perfect deserts met with on the 
forty-ninth parallel, and are often almost destitute of vegetation; or, 
sparingly covered with Cactus and Stipa. 


352. Dr. Hayden, in treating of this group, writes :—“This forma- 


tion is the most inportant one in the Cretaceous system of the North- 
west, not only in regard to its thickness and its geographical distribu- 
tion, but also in its influence on the agricultural capabilities of the 
country.” “In summing up the extent of country underlaid by this 
great formation, we find that south of the Lignite Basin, it occupies an 
area of two hundred miles in length, and one hundred in width; or, 
twenty thousand square miles, North of the Great Lignite Basin, 
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commencing at its first appearance near Milk River, we find it covering 


an area of two hundred miles in length, and sixty in breadth; or, about 


twelve thousand square miles. I have been thus particular in estimating 
its approximate limits and extent of surface, on account of its influence 
on the future destiny of that region. Wherever this deposit prevails, 
it renders the country more completely sterile than any other geological 
formation I have seen in the North-west. We see from the above 
estimate that it renders barren, over thirty thousand square miles of the 
valley of the Missouri.” * The contrast between the country resting on 
this formation, and that based on the Lignite Tertiary, is very striking, 
and even in regions where the vegetation is stunted from the want of 
sufficient moisture, and where the dry uplands of the Tertiary would 
seem, at first sight, less favourable than the low-lying plains of No. 4; the 
former can support a short thick growth of nutritious grasses, where the 
latter has the character above described. In tracing the outlines of the 
various formations in a country where exposures are usually so rare and 
small, this difference of character in the aspect of its surface, is soon 
remarked as a valuable aid. 

353. These remarks, however, only apply in their entirety to the 
region south of the great transverse watershed, which approximately 
follows the forty-ninth parallel; and to the higher ground toward the base 
of the mountains. Wherever the causes which have produced the thick 
drift deposits of the plains, have operated in their full intensity, the influ- 


ence of the underlying beds on the soil, has been greatly modified by the 


addition of transported material. This modifying action has perhaps no- 
where been more effectual, than over the areas covered by No. 4, which, 
from its comparatively yielding character, has been cut away into hol- 
lows and buried under great depths of travelled material. The improve- 
ment thus effected on the country is especially notable between Pembina 
Escarpment, and the Missouri Coteau. I cannot speak from personal 
knowledge of the country south-west of the upper parts of the Red River 
Valley, but it is probable that the drift agencies have here, to a certain 
extent, over-ridden the low barrier of the water-shed. Further west, and 
south of the Tertiary plateaus of Wood Mountain, and the Cypress Hills, 
the barriers to the north-eastern drift appear to have been nearly com- 
plete. 

354. As already mentioned, the waters of springs flowing from all 


*Notes explanatory of a Map and Section of Country bordering on the Missouri. 1857. 
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parts of No. 4 are impregnated with salts—probably in the main 
and magnesi¢ sulphates—and are often also charged with sulphurett 
hydrogen. Springs of this class were specially noted in the Pembi: 
Mountain region, and where the disturbed beds of this division are up-_ 


) A” 
tae 
‘ 


turned at the Buttes. In the latter locality some springs were found fror 
which sulphuretted hydrogen was given off so freely, and so little mingled ee 
with other gases, that it might be ignited on the surface of the water. es) 
355. Prof. Hind, in 1858, recognised this division of the Cretaceous 
in several widely separated localities, and obtained fossils from it which ‘ae 
were examined by Prof. Meek, and aided in fixing the position of the 
beds. The most interesting sections described by Prof. Hind, are those on _ 7 
the Souris River, a short distance above its junction with the Assineboin, — a 
and about thirty miles north of the east end of Turtle Mountain, or near é 
the present western boundary of Manitoba, Several of the fossils ob- 
tained were specifically new. The following list is given: Anomia Fle-— 
mingi, Inoceranus Canadensis, Leda Hindi, Natica obliquata, Avellana con- 
cinna and Ammonites.* The two latter were obtained at the Two Creeks 
on the Assineboine, sixty miles west-north-west of the Souris River 
exposures. Both these localities are interesting, as lying at no great 
distance north of the Line, and opposite a part of it where no sections 
appear. The other localities for this division, mentioned by Prof. Hind, 
are: Big Cut Arm Creek, and Scissors Creek, on the Qu’ Appelle River ; 
also the South Saskatchewan near the Elbow, where Avicula linguiformis 
was found; also midway up the escarpment of the second prairie | 
steppe, at Riding Mountain. > 
356. Dr. Hector, in his report considers his group B., to represent 
No. 4. He describes it as consisting of ‘ Indurated olive-coloured shales, 
with bands and fissures filled with clay ironstone. This formation he | a 
first met with at Long River, the rocks of which are elsewhere described — e. M 
) in this report (§ 195) and are identical with those of the upper part 
: of the Pembina Mountain series, as developed on the Pembina River. 
Dr. Hector, a few days afterward, examined the exposures near Forked | 
Creek on the Assineboine, from which some of Prof. Hind’s fossils were 
obtained, and there found the rocks to be exactly similar. Leda Hindi 
ras also found, and in addition Ostrea lugubris, scales of ctenoid fishes, 
annelide tubes, and plant remains. Group B., is also supposed to occur 
south of the Qu’Appelle River, and on the North Saskatchewan for a con- 








* Deseribed and figured in Report Assineboin and Saskatchewan Exploring Expedition, Toronto, 1859; 
and Narrative of the Canadian Red River Exploring Expedition, London, 1860, 
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siderable distance above the Eagle Hills. The beds examined in the 
localities referred to by both Hind and Hector, and those of Pembina 
Mountain, would seem to belong to the upper part of the 4th group, for 
Prof. Meek in writing of the fossils states that they are of species which 
occur in No. 5, as well as No. 4, but mere commonly in the latter, which, 
with the lithological character of the matrix “ leaves little room to doubt” 
that the beds represent No. 4. 

357. Division C., of Dr. Hector’s section, correlated by him with No. 
3 of the Nebraska series, may now, I believe, also be certainly included 
in No 4. It is described as consisting of “dark purple and brown 
laminated clays, with ironstone septaria, and sometimes crystals of 
selenite.’* These beds were found at Fort Ellice, on the Assineboine; at 
the elbow of the South Saskatchewan, in relation with the escarpment of 
the third prairie plateau; at the base of the Cypress Mountains on their 
northern side, at the Eagle Hills, and on the North Saskatchewan at Fort 
Pitt. From the South Saskatchewan locality, Baculites compressus 
Inoceramus (I. Crepsii of Roemer and Conrad ?) Pholadomya occidentalis 
Morton, Cardium, Exogyra, Astarte Texana, and Cytherea were obtained, 
and are in themselves sufficient to mark the horizon with some certainty. 
: 358. I have described similar rocks, certainly referable to No. 4, 
about fifty miles southward of the Cypress Mountain locality, referred to 
in the last paragraph ; and a considerable stretch of country south of 
these hills appears to be based on this member of the formation. One 
hundred and twenty miles southward of the locality on the south Sas- 
katchewan, and south of the Lignite Tertiary plateau, sombre Creta- 
ceous clays, with large septarian nodules, exactly resembling those 
described by Dr. Hector, and containing some of the same fossils, are 
found, and are known to belong to division 4, not only by the fossils, but 
by their stratigraphical relation. These rocks were also found, as 
already stated, to contain thick bands, indistinguishable from the harder 
clay-shales of Long River and Pembina Mountain. 


Cretaceous No. 5.—Fox Hill Group. 

359. The Fox Hill group, is the highest of the Cretaceous series of 
the west, and is thus described in the Nebraska section :—‘‘ This forma- 
tion is generally more arenaceous than the Ft. Pierre group, and also 
differs in presenting a more yellowish or ferruginous tinge. Towards 


* Exploration of British North America, p. 226, 
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the base it consists of sandy clays, but as we ascend to the higher ie 3 
we find the arenaceous matter increasing, so: that at some places th 
whole passes into a sandstone. It is not separated by any stror 
defined line of demarcation from the formation below, the res fi 
the fine clays of the latter to the more sandy material above, 
very gradual.”** Nor does the transition appear to be marked tv any 
great change in life, as indeed this division might almost as well be 
considered the closing epoch of the last, but for the lithological brea 1k, 
and the persistency of these upper sandstones over great areas. In t h Te’ | 
Black Hills region, and along the base of the mountains, they are well 
developed, with similar lithological character. er x 
360. Though this division must border the eastern ie of the Lignite 8 4 
x Tertiary, its rocks are not there exposed in the vicinity of the forty-— B 
=. ninth parallel. The first beds distinctly referable to it, were met with — rs. 
-.- in the Bad Lands south of Wood Mountain, and in the general section oa 
there designated by the letter y. Their outcrop is again seen on the. ("4 
White Mud River, and they must follow continuously along the southern ; a 
base of the Tertiary plateau, though seldom exposed. They were not 
seen at the junction of the Cretaceous and Tertiary, east of Milk River, 
but their position was marked by sand-hills. On the flanks of the Buttes, — a 
a they are again brought to the surface, and consist of rather hard sand- — ri 
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stone, with some softer and more argillaceous beds near the base. > 
. Judging from the few localities where they were observed, the extent of a : 
* their induration appears to increase westward, being greater in the ‘ 
White Mud River sections than the Bad Lands, and still more pronounced a. s 
near the Buttes. 


f 361. Prof. Hind notes the occurrence of these rocks in two places: ae a 
o only, both situated on the northern edge of the Wood Mountain ie 
“@ plateau. The first is at the junction of the Eyebrow Hill stream, on the | 
a Qu’ Appelle, where ferruginous clays, and hard greenish sandstones, with — 


some veins of selenite, appear. The second locality is the Elbow of the hs 
South Saskatchewan,} where the rocks consist of greenish, and yellowish- _ 
fi: grey sandstones, with some clays, and large imbedded concretions. The — 
fossils obtained from these were submitted to Prof. Meek, and by him q 
stated to be characteristic of group 5; the following species being repre- a 
sented: Scaphites Conradi, Nautilus Deckyi, Avicula linguiformis, Avicula ; Yin 
P * Geological Report Yellowstone and Missouri Expedition, p. 29, a 


. a 
-< firghy is probably also the locality described by Prof. Bell. Report Progress Geol. Sury. Canada, p. ad. 
‘ 73 74 
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Nebrascana, and Rostellaria Americana. As localities of this group, Dr. 
Hector mentions doubtfully the Elbow of Battle River, and the lower part 
of the section at the Roche Percée. The latter may now be included cer- 
tainly in the Lignite Tertiary. The former is not fully described, and no 
fossils appear to have been obtained from it. 


Distribution of Cretaceous Subdivisions. 


362. Taking into account, the whole of the information accessible 
on the Cretacéous formation in the interior region of British North 
America, and the general contour and character of the country; the limits 
of some of its members, and the area they cover, may be laid down with 
an approach to accuracy. The western boundary of No. 4 crosses the 
forty-ninth parallel, between the 170 and 240 mile points west of Red 
River, and probably nearer the latter than the former. Thence it runs 
west-north-westward, and passing north of the Lignite Tertiary beds dis- 
covered by Prof. Bell near Dirt Hills, becomes nearly identified with the 
edge of the Missouri Coteau, before reaching that part of it called the 
Thunder Breeding Hills on Palliser’s map. Thence, after dipping south- 
ward into one or two deep bays, it reaches the Cypress Hills. A narrow 
neck of these Cretaceous rocks, may thence possibly pass round the west- 
ern escarpement of these hills, and unite with the wide area covered by 
them to the south, where they stretch from long. 109° to about long. 
910° 20’ on the Line. The strip of this formation northward of the Cy- 
press Hills, is, according to Dr. Hector’s map,* quite narrow; and north- 
ward from the Thunder Breeding Hills he has laid down the western edge 
of the rocks which I identify with No. 4, as nearly following the edge of 
the third prairie plateau—previously described,—to the North Saskat- 
chewan. South of the Wood Mountain portion of the Tertiary plateau, 
the rocks of this series, and of No. 5, have a breadth of about eighty miles 
on the forty-ninth parallel, and stretch northward in the form of bays 
and inlets into the Tertiary. Round the whole of the northern edge of 
the Missouri Coteau, the rocks of No. 5, probably cover but a narrow strip 
of ground, between the boundary indicated for No. 4 and the Tertiary to 
the south ; with, however, the exception of the locality near the Elbow 
of the South Saskatchewan, where they appear to be more important, and 
to underlie a considerable area. 

~ 363. Eastward from the edge of the third plateau, rocks of the age 


* Journ. Geol, Soc., vol. xvii. 
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of the Fort Pierre group, probably occupy nearly the whole area of the 
second plateau, south of the North Saskatchewan, and between it and 
the Boundary-line. Eastward, they terminate in the escarpment over- e) 
looking Manitoba Lake, and the low lands of the Red River Valley. I uy 
is possible, however, that future explorations may bring to light, —— a 
this great area, many places where the beds of No. 5 have been 
preserved, from their superior hardness, especially in such high-lands as 
the Touchwood Hills, and parts of the so-called ‘mountains’ of the 
eastern escarpment. Outlyers of the Lignite Tertiary may even yet be © 
found. 

364. The rocks of the earlier Cretaceous do not seem immediately to 
underlie any great area on the eastern edge of the formation, but to occur — 
merely along the base of the high-lands formed by No. 4. In the 
vicinity of the forty-ninth parallel, they are completely hidden by 
alluvial deposits. If it be supposed that No. 4 is shown nearly to its 
base, in Pembina Escarpment, on the Line; allowing the two lower 
divisions the same thickness assigned to them by Meek and Hayden in 


Nebraska, and taking the general slope of the prairie surface toward & 
Red River, as representing that of the denuded edges of the rocks below, 3 
—suppositions, none of which are probably far from the truth—then, 4 
rocks of the 3rd Group, with a thickness of 200 feet, would have their : 
eastern limit about twenty miles from the base of the escarpment, while a 
those of the two lowest groups, would pass below the bed of the Red a 
River, with a thickness of about 1,000 feet. This would allow them to MG 
abut directly on the older Silurian or Laurentian rocks of the east. my. 
Rocks apparently belonging to this formation, as proved by boring, i 

} 


underlie the alluvial and glacial drift deposits of the Red River Valley, “ae 
at Morehead, 180 miles to the south; and are also now known to overlap 
Laurentian and Silurian rocks in south-western Minnesota.* While it is 
probable that they exist below the Red River prairie on the Line, at = 
least as far east as the river, and very likely to the eastern paleozoic 
boundary of the valley; it is hardly probable that they do so in such 
force as above indicated. The basin of older rocks containing those of 
the Cretaceous, probably shoals rapidly eastward, and would cause these 
marginal beds to be thinner than those of the Nebraska section. It is 
also probable, that their eastern edges may have a pronounced westward = : 





dip, which would cause them to run out more rapidly. As a a proctor: the 


* Prof. N. H. Winchell, Second Annual Report Geol. Surv, Minn., 1874. 
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Pe i CoMPARATIVE TABLE OF THE Rocks oF THE CRETACEOUS SERIES IN THE INTERIOR REGION oF British Nortu AMERICA, 
es oy AND OF THEIR REPRESENTATIVES ELSEWHERE. 
. 
‘di CRETACEOUS SERIES IN THE VICINITY OF: THE | 
eT . * TyPicAL NEBRASKA SECTION, M. AND H. 49TH PARALLEL. Pror. HIND’s SECTION. Dr. HeEctor’s SECTION. 








Sandstones and arenaceous clays, yellowish Yellowish, grey, and in some 
and ferruginous, often nodular. places, greenish sandstones; 60 


No. 5—Fox Hitt Group.— feet exposed. Elbow of the S. 





pets Grey, ferruginous and yellowish Division Y. of Bad Lands’ Section, where | Saskatchewan; Qu’ Appelle Val- 
*< sandstones and arenaceous clays; | these beds were estimated to be 80 feet in | ley near Eyebrow Hill. 
v _ | 500 feet. thickness ; also at White Mud River, Three 
{ is Buttes, &c. 
> ° 
o 2 
i x f 
ra. 5 No, 4—Fr. PIERRE GRouP.— PEMBINA MOUNTAIN SERIES.—Greenish-grey, Rocks similar to those of the 
ie a Plastic clays; middle part barren | and brownish clay-shales, and clay, with selen- | Pembina Mountain Series. Sou- 
* of fossils; 700 feet. ite and few organic remains; 300 feét seen. | ris, near the Blue Hills; Two 
* a: Many localities E. of the Tertiary Basin. Creeks on Assineboine River; 
a 5 Qu’ Appelle River; and Riding 
‘ee 4 Division ©: of Bad Lands’ Section.—Som- | Mountain, 


bre and septarian clays, and greenish-grey 
clay-shales. Many localities W. of 420 Mile 
Point. Thickness at the Three Buttes esti- 
mated at 800 feet, 


+ 








No. 38—NIOBRARA GROUP.— Limestone of Boyne River. N. Branch of Saskatchewan at 
Greyish calcareous marl; 200 Sandstones, arenaceous and carbonaceous | Cole’s Falls ? 
feet. clays underlying No. 4, near E. Fork of Milk 


River? Of these beds about 870 feet seen. 
Sandstone underlying No. 4, at the Thre 
Buttes ? : 








EARLIER CRETACEOUS, 


No. 2—Forr BENTON Group. 
—Grey laminated clays, with 
some limestone; 800 feet 


N. Branch of Saskatchewan at 
Cole’s Falls. (probably.) 
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Part of the section underlying No. 4, near 


No. 1—DAKoTA GRrRovp.-— . * 
Sea wide 


sandstones and clays ; 400 feet. 























Series A.—Elbow of Battle R ? 





SERIES B.—Indurated olive-coloured shales, 
with bands and fissures filled with clay-iron- 
stone. Long River; Souris River; Forked 
Creek on the Assineboine. 


Series C.—-Dark purple and brown lami- 
nated clays, with ironstone septaria, and 
sometimes crystals of selenite. Fort Ellice; 
Elbow of S. Saskatchewan; Eagle Hills; N. 
Snel to Fort Pitt; N. slope of Cypress 

ills. 





SreriEsS D.—Sandstone overlying marly clays, 
banded with thin seams of ironstone, thin 
beds of limestone, and stiff dark blue clay and 
arenaceous shales. _ Battle River? Hand Hills; 
Red Deer River, &c. 





SEriKS E.—Sandstones, coarse and friable 
or argillaceous and concretionary, indurated 
shales, and soft limestones, ironstone nodules, 
beds of lignite; 3 to 10 feet Red Deer River; 
N. and 8. Saskatchewan; Athabaska; N, 
Pembina River, &c. 
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saints is about 750 feet; 700 feet being the thickness assisneae ee ; 
No. 4, in Nebraska. This would allow the beds to be almost perfectly — 
a horizontal, as No. 5 is only about eighty feet thick, when seen near Wood } 
~~ Mountain, and the base of No. 4 is not exposed at the first mentioned — 
B locality. 
The possibility of the discovery of lignites in the lower Cretacous, 
has been already adverted to, and the extent of this portion of the — 
formation, may perhaps become a question of some importance in this {" 3 
regard, Wy 


re Lignite Tertiary Formation. bt 
a 365. The highest beds of the Lignite Tertiary series, in the vicinity | ae 
¥ of the forty-ninth parallel, are probably those which occur about Porcu- — 
ie pine and Pyramid Creeks, and the Great Valley, and high lands south . 
of the Missouri Coteau ; and I am inclined to believe that if there is any ie i 
difference of horizon among the beds of these localities, those of the first __ 
mentioned may somewhat overlie the others. At the same time, in a na fy 
a region where local dips due to original irregularity of deposition,so much = 
surpass in amount those due to any general inclination of the beds; _ 
c and where individual strata have so little constancy, and good exposures — : 
3 occur with comparative rarity, it is impossible to arrive at any very 
a precise knowledge of the equivalency of the beds of different localities. 
in The creeks above mentioned cross the Line at the 385, 352, and 345 mile ; 
points respectively, and have been proved by the explorations of Lieu. = 
tenant Greene of the U. 8. Northern Boundary Survey, to be tributaries _ 
of the Quaking Ash, an affluent of the Missouri. In connection with this 
part of the section, numerous and important beds of lignite occur, in 
" association with greyish, yellowish, and purplish arenaceous clays, sands, 
and little consolidated sandstones, and bands of ironstone. The deposit 
i: shows no trace of marine or brackish-water conditions, and wherever 
4 remains of molluscs are found they are those of frésh water. The lignites 
a appear to prove the frequent elevation of parts of the area above the 
ng surface of the water, and the general prevalence of plant remains in the 
intervening sands and clays, show that at no time were land surfaces far 


removed. 
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366. The upper beds of the Souris River sections, in the vicinity of 
Wood End Depét, though probably occupying a position inferior to those 
of the localities above mentioned, cannot be separated from them by any 
determinate character. They show perhaps a somewhat more regular 
deposition, and a more rapid alternation of conditions, but are little, if at 
all, more indurated. The lower beds of the Souris River sections, including 
the nodular sandstone of the Roche Percée series, are in great part 
arenaceous, which, together with the frequency with which some of the 
molluscs have sustained fracture of their shells during life, would 
indicate disturbed waters. Nothing of the nature of a conglomerate, 
however, occurs, nor can the sandstones often be considered coarse. In 
beds overlying the Roche Percée sandstones, the only remains indicative 
of brackish-water,—being shells of Corbula,—were found; and these 
were in association with preponderating numbers of purely fresh-water 
forms. . 

367. In my Preliminary Report on the Lignite Tertiary, the follow- 
ing remarks, bearing on the position of its eastern limit on the Boundary, 


- were made :—The Souris Valley, for about four miles east of the Roche 


Percée, continues to show numerous sections of the usual clays and sands, 
and hardened sandstone beds,—the latter in one place nearly three miles 
east from Roche Percée,—forming a group almost equally picturesque 
with it. Rather hard beds of sand and sandy clay are seen in several 
places to underlie the sandstones, and one of these was found to be filled 
with well-preserved specimens of a peculiar Paludina. About a mile 
further east, the valley changes its character considerably; the banks 
formerly scarped and clayey, are replaced by regular grassy slopes, ‘and, 
though followed for a distance of ten or fifteen miles beyond this point, 
yielded no further sections. This change I am at present disposed, in 
the absence of more certain data, to consider as indicating the passage 
from the Lower Tertiary beds to the Cretaceous. The eastern edge of 
the outcrop of the harder beds connected with the Roche Percée, also 
appears to be indicated by a slight, though pretty well defined step in 


‘the level of the prairie, which may be considered as the first gentle 


rise of the Missouri Coteau, and runs about south-eastward to the 
Boundary-line, which it crosses near the 240 mile point. The spring, 
known among the Half-breeds as Peter’s Spring, lies at the foot of this 
step, not far north of the Line, and is probably connected with the 
junction of the more permeable sandstone beds with the underlying 
impervious clays. It is possible that lignite coals of importance may 
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exist on a lower horizon than this, and in beds showing a more decided 
‘ approximation to marine deposiiion, and cretaceous forms of life; in 
of which case their out-crop would occcur still further to the east. It is 
a not, however, very probable that this is the case, as the investigations of 
4 Hayden and others south of the Line seem to show that in the easte rm aa 


— 
= 


‘a region the deposition of lignite did not commence till the conditions coe oe 
a the Cretaceous formation had distinctly passed away. a a , 


a 368, I am now aware of the existence of a lignite bed a few sich ti 
| in thickness. in clay beds underlying the Roche Percée sandstone, ina 
zB tributary of the Souris River, and this, taken in connection with the posi-— 
tion of the presumed representatives of these sandstones in the western 
development of the formation, would seem to show that some thickness — 
of Tertiary beds may underlie them. This would place the outcrop of 
the eastern edge of the formation at least several miles further eastward 
than above stated; as shown in the map accompanying this Report. 
North-westward from its intersection with the forty-ninth parallel, the 
’ position of the line of junction laid down on the map, is not founded on 
direct observation, the country being thickly covered with drift, but 

i includes all known exposures of the Tertiary—joining with Prof. Bell’s 
observations northward—and is probably not in any part of its course far_ 
from the truth. | 
% 369. The paleontological resemblance of the portion of the Lignite 
Tertiary above described, with the typical Fort Union beds, is exact. 
Their lithological similarity, though less to be depended on, is not less — 
striking; but the rocks of the forty-ninth parallel, when compared with 
the sections on the Missouri River, appear to show a general tendency of 
the beds, northward, to include more carbonaceous matter. The lignites 
are more frequently found, are generally thicker, and almost always more 
compact and purer than those of the eastern extension of the Tertiary to 
% the south. The identity of the rocks on the Line, however, from the 
Roche Percée westward to Wood Mountain, with the eastern fresh-water — 
extension of the southern Lignite Tertiary, generally known as the Fort 
Union Tertiary, does not admit of doubt, and to whatever horizon the 
one is finally adjudicated, the other must follow. 
370. In continuing a review of the formation westward, the sections 

in the Bad Lands south of Wood Mountain next require mention. Here 
the Lignite Tertiary is found with a somewhat different appearance ; 
and westward from this point it gradually changes, till in the region 
around the Buttes, it has assumed an appearance so entirely different 


Be 
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from that of its eastern development, that were sections from the two 
localities directly compared, it would be difficult to prove their equival- 
ency. The beds best exposed in the Bad Lands, it is true, are at the very 
base of the formation, and lower than any seen east of this place; still 
their difference, when compared with those of the Souris, is not very 
striking, and chiefly obtains with the lowest beds of division 8., which 
are more massive, and homogeneous, while the upper part of this division, 
with its lignites, corresponds closely enough with the lignite-bearing 
beds near Wood End. In some of the lower beds of 8., a pale greenish 
grey tint, not previously observed, appears; and the introduction of 
reptilian bones is a new feature, none having been found east of this 
place. No molluscous fossils were found in the beds of this locality. 

371. On the Milk River, where the next great series of exposures of 
this formation occurs, its character has undergone a further change. The 
pale greenish shade is now more pronounced, and characteristic of a 
greater thickness of the beds; and while well marked fresh-water mol- 
luses abound, they are mixed for the first time with the remains of Ostrea, 
a marine genus. Lignites still occur, though not abundantly, and 
reptilian bones are found in certain layers. Midway in the section, 
is an important band of sandstones, which may be placed, conjecturally, 
on the horizon of those of the Roche Percée and division a. of the Bad 
Lands. The change from salt to fresh water conditions, which, in the 
eastern regions seems synchronous with the change from Cretaceous to 
Tertiary, here begins to fail us as a test. 

372. In the vicinity of the Buttes, or Sweet Grass Hills, while lignites 
and carbonaceous clays still occur, the beds are characterized by the pre- 
sence of Ostrea shells in great numbers, with one or more species of mol- 
luses identical with those of the Bitter Creek coal series of Wyoming, 
and a Dostia (Neritina) apparently indistinguishable from those of Coal- 
ville in Utah. Near the first and second branches of the Milk River, 
where the formation is again well exposed, there is a remarkable rever- 
sion to fresh water conditions, quite at-variance with its general tendency 
to become more strictly marine westward. Dinosaurian and other repti- 
lian remains, however, still occur in connection with Unio, near the First 
Branch, and on the Second Branch the bone-bearing beds appear to overlie 
a considerable thickness of strata holding Limnea, Paludina, Planorbis, 
and Spherium—some of which are identical with those of the well- 
defined eastern Fort Union beds. Greenish-grey, arenaceous clays, now 
constitute a large part of the sections, coarse sandstones occur fre- 
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quently, and a few beds of conglomerate are noted. No lignites wer 
a - however, observed in this part of the formation. its ih ie 
y 373. Where next met with, on the St. Mary River, the beds of th 
formation represented, are probably considerably below those ofthe e- 
last localities. They still have much the same general character; and 
greenish, arenaceous clays are conspicuous. They are more consolida ed, 
rs however ; the coal found here differs considerably from the lignites ofa ny 
- of the eastern localities, and the mollusca, though probably estuarine, 
are decidedly salt-water forms. No reptilian remains were form ines e 
this neighbourhood. ite 
374. It would thus appear, that though the general tendency of the — ie ‘ 
Lignite. Tertiary, is toward salt-water conditions westward, and those of J 
fresh-water lakes to the east, that there are important exceptions; and that, — a a 
while brackish-water forms spread eastward in the lower beds, as faras the 
Roche Percée, fresh-water species are scattered westward, nearly to the ae | 
base of the mountains, and sometimes occur in great abundance. A zone oe 
of sandstones appears to be of very constant occurrence in the formation. 
It appears on the Souris River, forming the Roche Percée. In the Bad — 
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z Lands it is about 150 feet above the Cretaceous rocks. In the valley of 
by the Milk River, about 200 feet above the base of the section, and in the | 
‘- | region surrounding the Buttes, at several miles from the base of the 


mountains, and therefore, probably several hundred feet up in uaa 

ee Tertiary. The correlation of the sandstones of any one of these western — 
localities, with those of the Roche Percée, might be open to great doubt; 
but from their occurrence so persistently, at a horizon in the formation, 

_ approximately the same, I think that they may be considered as repre- 
senting the Roche Percée, series with some degree of certainty. In the 
Missouri Region, south of the Line, the Lignite formation is assigned a — 
thickness of about 2,000 feet. I have not met with any locality near the — 
forty-ninth parallel, where it might be even approximately determined ; 

; but, assuming the horizontality of the beds, the rise in the general 

Ss surface of the country would give it, in several places, a thickness of at — 

; least 1,000 feet. 

Ls. From the Souris River, westward, the Lignite Tertiary nearly Ss 

{ always occupies high ground, and frequently forms a well-marked plateau, a 

resting on the clays of Cretaceous No. 4. 

375. Though Ihave not yet had an opportunity of comparing the 
fossils, obtained in the western marine and brackish-water beds of the 
Tertiary on the forty-ninth parallel, with those from the Judith 
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River beds of the Missouri, I have little doubt of the identity of the 


formations. The age of these Judith River beds has long been an 
unsettled question, and they have only lately been included by some 
geologists, with the remainder of the Lignite Tertiary, and called Cre- 
taceous. Dr. Hayden was only prevented from calling them Fort 
Union Tertiary * by the occurrence of certain vertebrate remains—- 
the meaning of which is now better understood. The lithological 
resemblance between these beds of the Line, and those of the Judith 
River, is close. 

376. Prof. Hind did not recognize the Lignite Tertiary formation in 
any partof the North-west traversed by him, while in connection with the 
Assineboine and Saskatchewan Exploring Expedition. Dr. Hector, while 
in some doubt whether to attach the beds seen by him near the Roche 
Percée to the top of the Cretaceous, or to the Lignite basin of the Mis- 
souri, appears to regard the latter conclusion with most favour; and his 
supposition is now borne out by their fuller examination. He also 
considers Eocene Tertiary to be represented, in the upper beds of the 
Cypress Hills, and colours them as marine Tertiary in his map and sec- 
tion published in the Geological Society’s Journal. The following fossils 
were obtained in this locality: Modiola,? sp. Ostrea Veleniana, Unio, 
Cardium,? sp. ‘The existence of Tertiary strata, ascertained to be so by 
their organic remains, has only been proved at one point west of the Cy- 
press Hills, where Mr. Sullivan obtained Ostrea Veleniana, associated with 
a Modiola, and a few other fossils which Mr. Etheridge, who has named 
all the Neozoic fossils brought home, has been unable to identify. The 
beds from which the fossils were obtained, consisted of friable sandstones, 
with argillaceous and calcareous concretions, the bedding heavy and 
irregular, and often passing into incoherent pebble conglomerate. Judg- 
ing alone from the mineralogical resemblance, these beds were recog- 
nized over a considerable area, but always forming high ground in the 
neighbourhood of the Missouri Coteau, south-east from the mouth of 
Belly River.” + 

377. These remarks are interesting, as bearing on a locality not 
forty miles north of the magnificent exposures of partly marine Tertiary, 
in the banks of Milk River near the Line, and indeed, if the fossils men- 
tioned as obtained by Mr. Sullivan, were collected while on his branch 
expedition to the south,t they may have been derived from some of the 





* Proc. Acad. Nat. Sci. Phil., May,1875. ; 
t Exploration of British North America, p. 224. { See general map, Op. cit. 
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sections which I have examined. x cannot doubt Hee the 
Tertiary beds are a part of the series so extensively develop 
Milk River and in the region of the Buttes. The Cypress Hills, ai 
plateau of Wood Mountain, and other Tertiary plateaus near the I 
3 characterized by comparative fertility, and supports a good growth « 
grass, while surrounded by barren plains of Cretaceous No. 4. Cay 
Palliser writes :—‘“ In the midst of the arid plains traversed by the S 
Saskatchewan, there are isolated patches of table-land, upon the surf: 
of which the vegetation becomes luxurient, and pasture of fair qual 
may be found.” * The Hand Hills are mentioned as an example of t 
peculiar feature, which so strongly suggests the repetition of the su 
position of Tertiary rocks like those of Wood Mountain, on the Gratareee 
The rocks of the Hand Hills, above referred to, are classed by Dr. Haat or 
% in his group D., and consist of sandstones and banded clays, which mu ch 
resemble in thet lithological character those of the Lignite Tertiary. — 
Though it may be hazardous to generalize in so vast a country, where our 
a knowledge is as yet so scanty, I cannot help believing that some part— 
Ba perhaps a great part—of the third prairie plateau, marked in Dr. wae 
map as Lower Cretaceous, may yet be found to be the equivalent of the 
marine and estuarine base of the Tertiary. es a i 










































* Exploration of British North America, p. 11. 
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CONDITIONS OF DEPOSIT CRETACEOUS AND TERTIARY. 
BURNING OF LIGNITE BEDS.—COMPOSITION AND ECONOMIC 
VALUE OF LIGNITES AND IRONSTONES. 


CONDITIONS IMPLIED BY CRETACEOUS AND TERTIARY DEPoSITS—Period of shallow 
water—Extent and nature of submergence during Niobrara period—Detrital 
beds of Fort Pierre group—Closing period of shallow waters—Extensive land 
areas during Lignite Tertiary—Conditions of formation of lgnites.—-Com- 
BUSTION OF LIGNITE BEDS— Appearances indicating this action — Effects 
produced on surrounding beds—Area over which similar phenomena have 
been observed—Question whether such fires are spontaneous—Extent to 
which lignites have been destroyed.—CoMPosITION AND EcONOMIC VALUE OF 
LIGNITES AND [RON orES—Analyses of lignites—Nature of lignites—Classes 
of hgnites represented —Vaniability of water content—Lignites as fuels — 
Import of the St. Mary River coal—Other similar fuels near the mountains— 
Area of lignite-bearing formation—lIronstones of the Lignite Tertiary—Iron- 
stones of the Cretaceous—Probability of their future economic importance. 


Conditions implied by the Cretaceous and Tertiary Deposits—Nature and 
Origin of their Material. 


378. The question of the origin of the material composing the Cre- 
taceous and Tertiary rocks of the interior continental region, is one of 
considerable interest. The general aspect of the beds of the first and 
second divisions of the formation, is that of shallow-water deposits, They 
consist largely of sands, and coarse detrital materials, and, from the fre- 
quent occurrence of land-plants, and the occasional preservation of fresh- 
water molluscs, in both their eastern and western developments, argue the 
neighbourhood of considerable areas of dry land. The third, or Niobrara 
division, in the eastern portion of the area, consists in great part of the 
calcareous remains of molluscs, foraminifera, etc., and resembles the accu- 
mulation of a somewhat deep sea, from which cold arctic currents were 
excluded, and into which very little detrital matter was being carried. A 
general depression of the present surface of the continent, to the extent 
of about 1,500 feet, would give a depth of 700 to 800 feet, above the hori- 
zon of the Niobrara deposits ; and would be amply sufficient to satisfy the 
conditions indicated by their animal remains. A depression of this ex- 
tent, would however, almost submerge the Laurentian barrier to the north 
and east, and would suffice in its present condition to open broad avenues 
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through it, to the waters and currents of the Northern Sea. oom 


Cretaceous period, however, the Laurentian axis had probably acqu 
its full height from local elevatory action, while its actual summit must — ¥ 
have been much higher than at present, as it had not then suffered the — va 
extensive denudation of Tertiary time, and of the glacial period. Tt i. 
would, therefore, stand sufficiently above the water, with such a degreeof _ q 
continental submergence as that indicated, to form an efficient barrier to — aa eas 
the north-east, and yet not present a sufficient surface of its own to oe 
sub-aerial denudation, to supply, under ordinary circumstances, much de- 
trital matter to the surrounding seas. Even at this time, the region of the 
future Rocky Mountains, must have been marked out by shallows and 
banks, and perhaps also by small areas of dry land, for the calcareous de- | 
posits do not retain the character of their eastern developments, to their 
western borders, but are to a great extent replaced by arenaceous and 
other mechanical sediments ; while still containing a sufficient number of 
the characteristic fossils of the Niobrara division to prove their age. 
379. Between this division of the Cretaceous, and the next in order of 
2 time—that known as the Fort Pierre group to the South, and represent-_ 
ed by the Pembina Mountain group in Manitoba, and also extensively 
: westward, to the north and south of the Line—there exists an evident — 
break, which is not alone marked by a paleontological change, but by the 





; sudden substitution of fine homogeneous argillaceous sediments, with — 
x scarcely a trace of calcareous matter, for those consisting almost entirely | 
i of the calcareous remains of marine life. The surface of the Niobrara 
; deposits, has also been noticed, in some places, to have suffered erosion 


before the deposition of the first beds of the next group. Jam not aware 
that proof exists of the elevation of any part of the area, to such an ex- 
tent as to permit sub-aerial denudation, and it is probable, that the surface 
of these soft calcareous beds, was furrowed by the action of rather strong — 
marine currents; which now, from some change in the physical geography 
of the period, gained access to the region, Whether this change was 
brought about by the opening of an easy communication from the waters 
of the northern to the southern ocean, between the Rocky Mountain Le- 
: gion and the Laurentian land, by the submergence of some barrier till 
that time existing, it is impossible to say with any degree of certainty. 
This would, however, seem to offer the most tenable solution, and it is 
further probable, that this change was caused by a general movement of 
depression which brought rocks decayed by sub-aerial weathering, under 
the action of the sea, and served to supply ready-made material. In any 
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case, the deposits of this division resemble, in their fineness and homo 


geniety both in time and extension, sediment borne far by marine 
currents and deposited in a sea of some depth, rather than that formed 
from the denudation of neighbouring land. In the Rocky Mountain re- 
gion, however, these deposits still show the existence of somewhat sbal- 
lower water conditions, and though generally maintaining somewhat the 
aspect of these eastern representatives, contain much coarser matter. 
380. In the closing period of the Cretaceous, represented by its fifth 
division, we have continualiy shoaling waters, and the introduction for a 
comparatively limited interval, of deposits, for the most part, coarse and 
arenaceous, and aimost destitute of organic remains. This shoaling of the 


area, may have been produced not so much by any general elevation of 


the continent, as by the increasing thickness of the Cretaceous deposits 
themselves, which may now have amounted in some places to over 2,000 
feet. If this was the case the banks and shoals of the region now marked 
by the ranges of the Rocky Mountains, need not have been raised up into 
extensive land areas, but would retain the character so long maintained 
by that area, and now again assumed by the interior continental region 
generally. The distribution of this arenaceous material was probably 
due to arctic currents, no doubt, then as now forming a part of the 
general oceanic circulation. These, like those still flowing down the 
eastern coast of America, would be urged westward by the rotation of the 
earth, and passing over the extensive shallow water area of the contin- 
ental plateau, would find—if not a continous sea—wide straits and open- 
ings through the Rocky Mountain region, and fall thence into the deeper 
basin of the Pacific. Professor Newberry, from the indications furnished 
by a comparison of the floras, concludes that relative differences of tem- 
perature, similar to those now obtaining, existed during the Cretaceous 
and Tertiary periods, between the interior continental region, and the 
west coast.* If the former region was influenced in the manner above 
supposed, by the arctic currents, while the shores of the latter were 
bathed in warmer waters flowing from the south, as at the present 
day, this may easily be accounted for. 

381. It would thus appear, that the Cretaceous opened with a period 
of considerable land surface, shallow waters, and current-driven sand- 
banks, which also extended to the Mississippi region, described by Prof. 
Hilgard; and probably to the Cretaceous coast-deposits of New Jersey, 


* Geological Report Yellowstone and Missouri Expedition, 
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This seems next to have been followed in the interior continental x 
by a gradual subsidence, during which the second division was foe 
The cessation of subsidence—or possibly even a slight movement of e- 
vation—and the advent of a prolonged period of comparative tranquility, Ys 
with certain other favouring circumstances, gave rise to the Niobrare a 
limestone formation. The indications next favour the belief of a secon ad 
subsidence, admitting marine currents and bringing onimportant chan ges 
in physical geography. During this period, according to Meek and Hay-— : 
den, a part of the clays and green-sands of New Jersey, were formed on os 

the Atlantic coast; and in the Mississippi region, according to Hilgard, — : 
the Rotten-limestone group was deposited. The fact that calcareous beds 
were being formed in the southern portion of the interior continental 
trough, while such purely argillaceous deposits were produced in the north- 
ern; would also tend to verify the supposition of the entrance of — ‘ 
sediment-bearing waters from the north. Closing the Cretaceous, pro- — 
perly so-called, the fifth division shows the resumption of shoal water and 
sand-bank over the entire northern portion of the interior, a change pro-— 
bably at least aided by elevation. But that the decreased depth was per- 
haps mainly due to the filling up of the northern portion of the basin, - 
seems to be indicated by the fact, that limestones and marlites still con- 
tinued to be deposited in the Mississippi region. 


Ho 


382. The early Cretaceous period, from the evidence chiefly of the 
plants of the Dakota group, must have had a temperate climate. During 
the succeeding ages, the heat was no doubt becoming greater, for though 
there is no complete succession of land plants, we find a well-marked max- 
imum of temperature, as stated by Prot. Lesqereux, in the early period 
of the Lignite Tertiary, and from that time the change was back again to 
a climate resembling that of the Dakota group, if not even cooler. 


383. Prof. N. H. Winchell, in his last published report, announces 
the discovery of extensive beds of gvanite decomposed in place, and 
kaolin-like material, covering the oldest rocks of south-western Minne- 
sota, wherever they have been protected by overlapping Cretaceous beds from 
the scouring of the drift period.* This throws much light on the origin of 
the fine clayey, and coarser sandy deposits of the Cretaceous, and shows 
that the rocks of the Laurentian axis must have been much decomposed 
by sub-aerial action prior to the opening of the Cretaceous period, and 
that these soft materials brought under the action of the waves during 





* Second Annual Report, Geol. Surv. Minn. 
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the succeeding periods of depression, could supply a great quantity of 


ready formed detritus. 


384. The earlier beds included in the Lignite Tertiary series, while 
showing a continued progression of the physical changes operating 
during the later Cretaceous periods, evidence the elevation of much 
dry land; and though these deposits are supposed to have passed entirely 
across the present Rocky Mountain region in some places, * still, about 


_ this time a pretty continuous barrier of land must have been formed 


there. The northern current still passed along a narrow trough on the 
eastern margin of this iand, and piled up local and irregular sandbanks, 
while numerous molluscs of shallow and brackish-water types, assisted in 
the formation of the deposits. At the same time, or very shortly after- 
ward, further to the east, much finer sediments were being laid down 
with considerable regularity; and only in the very lowest layers of these 
do we find salt or brackish-water species of shells. The source of the 
vast quantity of fine argilo-arenaceous material of the Lignite Tertiary,— 
much of which must have been depositsd in land-locked basins,—is a ques- 


tion of very great difficulty, unless, indeed, we may suppose that some 


parts of the Cretaceous series were already undergoing denudation by 
rain and rivers. If the Rocky Mountain region became an actual land 
barrier about the beginning of the Tertiary, the later Cretaceous deposits 


of the west coast, should present a more coarsely detrital aspect than those 


of the western part of the interior of the continent, while those of the 
earlier Tertiary, should be relatively finer in thejfirst locality. For, dur- 
ing the former period, the shallow banks and bars would supply material 
to the south-western drift, while during the latter, they would prevent the 
access of other sediment than that derived from their own waste. 

385. It is unnecessary here to recapitulate, in giving an account of 
the lithological character of the beds of the Lignite Tertiary, which are 
fully described in connection with the various sections on preceding pages. 
In some parts of the formation, however, the lignite beds themselves 
constitute a not unimportant part of the thickness of the strata. In one 
of the Souris River sections, in a total thickness exposed of 57 feet, the 
lignite amounts to 17 feet, and is disposed in seven distinct beds, separ- 
ated by clays and sands. The lignites themselves comparatively seldom 
show intercalations of shale or detrital matter, and their ash is found, as 
a rule, to consist of very fine whitish, to pale yellowish or reddish, earthy 





*Dr. Hayden. Geological Report Yellowstone and Missouri Expedition, p. 5, U. S. Geol. Surv, 
Territ., 1867-69, p. 70, &c. | I p. o eol. Surv, 
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matter, without coarse grains, and not more in amount than may have 


been contained in the substance of the original vegetable materials. 
Though some of the lignites may have been formed from accumulations = 


of drift-wood in shallow water, it is difficult to understand how such 
collection could go on for long periods, without the contemporaneous 
deposit of sandy or muddy matters, which would have been suspended in — 
waters moving with sufficient force to convey the wood. It would also 
appear difficult under this theory, to explain the regular and even super- 
position of the sandy and clayey beds, which overlie the lignites, and the 
fact that these do not send extensions downward into them, as they must 


have done if formed above a tangled mass of trunks and branchesof trees. _ 


It seems likely, therefore,—though layers like true root-beds were only 
observed in one or two instances to underlie the lignites—that at 
least the majority of these beds were produced by the growth and 
partial decay of trees, and also perhaps of peaty matter from swamp 
mosses, in the positions which they now occupy. Their method of for- 
mation would, therefore, agree with that already proved for coals of the 
true Carboniferous formation. This is rendered more probable by the 
circumstance that lignite beds are sometimes immediately covered by beds 
holding leaves of trees, ferns, and grasses, a fact which has been noted 
by Dr. Hayden and others with regard to those further south, and — 
which is also found to obtain with coal beds of the Carboniferous period. 
Some of the more impure beds, indeed, seem still to show evidence of 
having been formed from accumulations resembling those of a peat-bog, 
in which occasional logs of wood have been enclosed. A great part of 
such a bed is soft and structureless, but it holds irregular masses of hard 
jet-like material, with conchoidal fracture, and evident remains of woody 
structure. As already stated, also, some of the more impure lignites 
seen in the further western portion of the formation, seem compatible 
with the explanation of formation from drift-wood. 


Combustion of Lignite Beds. 


386. In connection with the Lignite Tertiary, the phenomena of the 
combustion of lignite beds over great areas, and the metamorphosis of 
rocks, and features impressed on the country by it, is. a subject of in- 
terest and importance. In no part of the world does this destruction of 
mineral fuels seem to have occurred on so vast a scale, as in the central 
plateau of this continent. The appearances produced by this action were 
met with in the vicinity of the forty-ninth parallel, at the very eastern 
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edge of the Lignite Tertiary, and were also found in almost all the locali- 
ties in which lignite occurred. The products of the combustion were first 
noticed as fragments of rock indistinguishable in appearance from modern 
lavas, and scorias, strewing certain banks, and in the beds of streams. 
The connection between these traces, and the combustion of the lignites 
was, however, soon established, and beds actually found which had been 
burned but a short way in from the outcrop. The bank of the Souris 
River,—as stated in the Preliminary Report already referred to—in one 
place shows an amphitheatrical depression a few feet below the general 
prairie level, in front of which a great quantity of lignite clinker, often in 
large masses, was strewn down the slope toward the river. <A bed of lig- 
nite six feet thick, elsewhere well exposed and overlaid by about five feet 
of clay and drift, was here completely burned away, (Plate IV., Fig. 1.) 
By reference to the detailed accounts of the various localities, many 
similar instances will be found. 

387. The effects produced on the lignites and associated beds, as 
derived from the examination of numerous widely separated localities, 
admit of classification and general statement. The lignites themselves 
appear to be invariably consumed in their entire thickness, and their 
immediate horizon is represented by a layer of ashy clinker, or of a 
material resembling scoriaceous lava, and vesicular in structure. The 
fused masses are always dark coloured, generally blackish or dark grey, 
but sometimes opaque bluish or brownish-black. This clinker bed is 
doubtless composed of the ash of the lignite itself, and any intercalated 
shaly layers, or portions of carbonaceous clays associated with it; the par- 
ticles of which have been brought more intimately in contact with the 
burning material. The fusion may also be aided by the alkalies and alka- 
line earths of the lignite ash, which differs in composition from the 
surrounding clays. 

388. The alteration extends much further above the position of the 
lignite bed than below it. The surrounding layers are very generally 
of the nature of fire-clays, and contain little or no iron, and a smal 
proportion of undecomposed felspar, or other fusible mineral, and are 
consequently very refractory. Those immediately above the lignite, are 
frequently altered to hard jaspery, or porcelain-like rock, breaking with 
sharp conchoidal fracture, sub-translucent, and of greyish-blue and 
dull greenish tints. In this substance, impressions of the stems and 
leaves of plants are, however, sometimes recognisable The porce- 
lainized beds are generally traversed in all directions by rusty fissures, 
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splinters are fusible on the edges, before the blow-pipe, with greater 


or less difficulty. In their fusibility they range from 4:5 to 6 of Van 


Kobell’s scale, and when fused they form translucent beads. The thick- 


ness of the beds thus greatly altered is generally not more than a few 
inches. In the Bad Lands section a very fine white clay, containing 
numerous impressions: of plants, rests immediately on a lignite, which 
at a short distance, was found to be completely consumed, the repre- 
sentative of the white clay, being apparently a hard porcelain-like 
material of this kind, of pale bluish-grey colour, and waxy lustre. — | 

389. Other clays and clay-shales not so closely in contact with the 
lignites, are generally hardened into whiteish and cream-coloured rocks, 
resembling tiles or biscuit porcelain; and in these the impression of plants 
are often preserved with great beauty. I was not, however, so fortunate 


as to find any locality in which large collections of plants in this fayour- 


able state of preservation could be obtained. The clays, or shaly-clays, 
seldom hold enough iron to give them a red hue when metamorphosed. 
The} sandstones and coarser arenaceous clays, are not usually much 
indurated or otherwise altered, except in colour; but generally con- 
tain sufficient iron to cause a moderately striking red colouration, 
and some beds are very deeply tinted. Such sandstones are among 
the most prominent marks of the combustion, and were observed in a 
great number of localities. In the Bad Land region, several isolated 
buttes capped with intensely red sandstone, which had a remarkable 


prismatic structure, were seen. The structure resembled, on a small | 


scale, the columnar appearance of basalt, the sandstone being divided by 
joints into vertical prisms, and breaking along these nearly at right-angles 
to its original bedding. The rock here precisely resembles ordinary red 
brick, and gives out a faint-ringing sound when struck. Such localities, 
Mr. Allen, who has studied similar metamorphism in Dakota and Mon- 
tana, believes to indicate former vents by which the pent-up gases arising 
from the fire have found exit. (Plate VIL., Fig. 1.) 

390. The effect of the combustion of the lignites over large regions, 
though to indurate the surrounding beds, is evidently from its observed 
relations with great denudation, more destructive than conservative. The 
strata appear to be cracked and fisswred in such a way by the action, as 
to allow the entrance of surface waters to their mass, and accelerate their 
removal, 
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391. Similar combustion of lignite in situ, has been observed to occur 
at various places, over an immense area. South of the Line, Lewis and 
Clarke have noted the phenomenon in the account of their journey up the 
Missouri, and numerous references to it will be found in Dr. Hayden’s 
various reports. Mr. J. A. Allen, in his interesting paper already 
referred to,* has collected a great deal of information on this subject, and 
added the result of his own observations. As an example of the great 
areas over which it may extend, he mentions the Bad Lands of the Little 
Missouri, where, ‘“ with a breadth of twenty to thirty miles, these appear- 
ances are said to be continuous for fully two hundred miles. Throughout 
this vast area, all the ridges and buttes are capped, or banded with the 
reddened and indurated shales.” He is in error, however, in supposing 
that the phenomena do not occur north of the forty-ninth parallel, for, 
according to the accounts of various travellers, they extend even to the 
shores of the Arctic Sea. 


’ 


392. The earliest notice of appearances referable to this cause appears | 


however, in Sir Alexander Mackenzie’s account of his voyage up the 
Peace River in 1793, where he refers to certain “chasms in the earth, 
which emitted heat and smoke, which diffused a strong, sulphurous 
stench.” A lignite bed on the Mackenzie River, near Bear River, was 
also observed to be on fire by Sir Alexander Mackenzie in his first voyage 
of discovery in 1792. Sir J. Richardson, in 1848, found it still burning, 
and emitting smoke and flame, visible by night. ‘‘Some portions of the 
clay were semi-vitrified, and so hard as to receive no impression from a 
file.’ Sir J. Richardson also noted ‘“ bituminous shale” to be on fire, in 
1826, near Cape Bathurst on the Arctic Sea. ‘The clays which had 
been exposed to the heat were baked and vitrified, so that the spot re- 
sembled an old brickfield.” He also had information from Chief Factor 
Alexander Stewart, “that beds of coal are on fire on the Smoking River, 
which is a southern affluent of the Peace River, snd crosses the fifty- 
seventh parallel of latitude.” ‘There are coal beds on fire also near 
Dunvegan, on the main stream of the Peace River.”+ Dr. Hector, in his 
report, mentions several localities where lignites have been thus de- 
stroyed. Near Fort Edmonton, the appearances seem to be particularly 
striking. Of a locality on the Red Deer River, lat. 52° 19/ 25”, long. 
113° 3’, he writes :—“It was found to be as the Indians had asserted, 
and far along the banks of the Red Deer River, where the coal appeared, 





* Proc. Boston Society of Natural History, vol. xv1. in 
¢ Journal of a Boat Voyage through Rupert’s Land, vol, 1., pp. 189, 191, 271, 195, 
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the spontaneous fire was in activity. The Indians say that as long ¢ 
they can remember this has been the case.’’”* aay 

393. This combustion, though often spoken of as spontaneous, — 
cannot, I think, be proved to be so. In cases of the spontaneous com- 
bustion of bituminous coal, which sometimes occur when large masses — a 
of it are piled together, the production of the degree of heat necessary 
for its initiation, is traceable to the decomposition of pyrites, under > mt 


~~ 


the combined action of air and moisture. In my Report of Progress ‘ ‘a a 





a ' ignition of the beds by prairie fires, or fires of Indians’ or Traders’ gh if 
camps; or by the spontaneous combustion of the lignite, when un-  _ 
‘" dergoing decomposition at the outcrop. The latter, however, seems 
b improbable, as iron pyrites, the usual cause of such spontaneous 
combustion, is almost entirely absent from the lignites, which I have 
examined chemically.” To this I can now only add, that a further 
examination of the lignites, over a more extended area, confirms the 
almost total absence of visible pyrites, and the very small quantities of 
iron found in the ashes, would alone serve to prove its non-existence in 
any quantity. The only clear case of the occurrence of pyrites, is in the 
lower part of the 18-foot bed on Porcupine Creek, where small dises of the 
material, about the thickness of ordinary paper, were found in the vertical 
joints. Mr. Marvine also, in speaking of the lignites of the same for- 
mation in a more southern region, remarks that the sulpher seldom 
reaches one per cent., and is often nominally absent. + Though it is 
chemically possible, that spontaneous combustion might arise, under 
certain circumstances, in the carbonaceous matter of the soft, crumbled 
outcrops of the lignites themselves; it is obvious that such places would 
; offer the most favourable opportunities for the ignition of the beds by 
prairie fires. These, even when burning over very scantily grassed 

regions, possess sufficient heat to ignite the bois des vaches, or dried 

buffalo excrement, with which the surface is strewn,—a much less com- _ 

bustible fuel. Mr. Allen says that several instances are well known of 

the lignite beds having taken fire from the burning of the prairie grass 

| by the Indians. It would therefore seem that the aid of spontaneous 
combustion need hardly be invoked. { 

394. The destruction by this agency, over great areas, of lignite beds 





* Exploration of British North America, p. 88. +t U. S. Geol. Surv. Territ., 1873., p. 110. 
t It should be mentioned, however, that such good authorities as Profs. Lesquereux and Meek refer 
to the spontaneous combustion of lignite slack, at Carbon and Coalville respectively. U.S. Geol, Surv. 
Territ., 1872, pp. 368, 449, 
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which might have been of value to the future population of the North- 
west, is a matter of certainty. It would seem, however, that the com- 
bustion does not affect beds unless their edges have been laid bare to the 
weather by denudation; and the proportion thus exposed, in a country 
in which the strata are so nearly horizontal, must be small. The 
whole of the lignites, too, lying below the natural drainage level of the 
country must remain unaffected, and the fire would also seem unable to 
penetrate very far into a bed, unless it lies so near the surface as to be 
able to open communication with it, for the escape of its products of com- 
bustion, and to obtain a supply of oxygen. The face of the exposure, 
erumbling down on the ruins of the bed, must soon stop all access of air in 
that direction; though from the almost complete conservation of the heat 
of a combustion thus taking place in the mass of the formation, a very 
limited supply of air would be sufficient to maintain the necessary 
temperature. 

395. The only place in which the combustion was still found to be in 
progréss near the forty-ninth parallel, was in a locality on the Souris Ri- 
ver, and then it was only evidenced by the issue of a little smoke of a tarry 
empyrumatic odour. Other localities, from the immense amount of de- 
nudation which has taken place subsequent to the destruction of the lig- 
nite, show evidence that the fires have been extinct from a very remote 
period; though as a rule, in the region which I have examined, the pro- 
ducts of combustion appear to be pretty closely confined to the localities in 
which this can be proved to have taken place. Mr. Allen, however, has 
found “ this igneous material in a water-worn state, occurring in the drift 
which covers the general surface of the country, often many miles from 
the nearest seat of metamorphic action, as well as in the terraces that 
border the larger streams,” * and concludes that the combustion must 
have begun before the close of the drift period—a very important fact. 


Composition and Economic Value of the Lignites and Iron Ores. 


396. The following are proximate analyses of lignites from various 
localities in the vicinity of the forty-ninth parallel, and of the coal from 
St. Mary River. The greater part of these were published in the Report 
of Progress for the year 1873, already referred to :— 

397. Souris Valley. (§ 207.) Lowest lignite, two feet three inches 
thick. Conchoidal fracture with rather dull surfaces, and resembling 
cannel coal, ash reddish-white. 





*Loc, cit, 
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398, Souris Valley. (§ 210) Layer 19. A wentienes speci 
separating into lamin horizontally. Clay from overlying bed fillin 
fissures. Ash yellow-brown. ; 






3 By rapid coking, 
Wraner ios. Se ae. de eee Oe 13.94 ; 


Bred ahr boris. ji. dle teen civ Rams wea eee 45.27 38.35 
Volatile combustible matter........... ........ 35.00 
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399. Souris Valley. (§ 210) Layer 17%. Weathered specimen, 
Black, compact, with shining faces. Ash yellowish. at 
ec By rapid coking. 
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400. Souris Valley. (§ 210.) Layer 10. 











r. along horizontal planes. Ash light yellowish. 
oy ; - By rapid coking. 
E>: See err ane ero a i mtn oe al a 14,90 
Bie’! | Pixed GHEDOn . 1.076 by sae fare She se ae ee ee 36.94 36.68 
t Volatile combustible matter............ 000.0008: 42.98 
Reps, BRD i ssk acd'n s = ep siping Spek he ele ie 5.18 
FP ¢. 100.00 
y a 401. Souris Valley. (§ 210.) Layer 2. A weathered SROtenen soft 
y and.crumbling. Ash greyish-white. . 
ey. By rapid coking, 
i bik. Ss ora eee Pier Salient Honey 17.97 
Fied OBXDON | a5 ie is pg Sin coins! bie 's Wists SRS eR 32.56 30.10 
Volatile combustible matter.................006- 44.56 
BD. Sean's a Asteale cee epee set he ake 4.61 
ie | 100.00 
a 402. Souris Valley. (§ 218.) Black compact lignite with much 
' : . 
woody structure apparent. Ash yellow. 
By rapid coking. 
WV abies 25S. FORA TIIA a0 Ls: forte ales ea 14,73 
Fr, Waxed carbon. .».ciiicsay shrine Andie. <eiea kale 34,07 
Volatile combustible matter...... era tricke: th: ; 
Wane s ssf ce be OR Rak ais wane ob be 
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403. Souris Valley. (§ 215.) 7 foot seam. Hard, compact, black 
lignite, breaking with pseudo-conchoidal fracture, and showing traces of 


structure of wood. Ash yellowish-white, light. 
By rapid coking. 
1 














OO Oe RS SE ee ae ee 15.11 
OO eed Da 0 ae 47.57 41.67 
Volatile combustible matter.................... 32.76 
eee 0 ea, elt << wic\e wisn viva & pw nce 4.56 
oe 100.00 
a 404. Souris River, 62 m. W. of Wood End. (§ 221.) Laminated, and 
é breaking up along horizontal planes on drying. Many small drops of 
: amber or fossil resin. The wood composing the bed has apparently been 
F much decomposed. Ash reddish. 
MN ancl le oe cee tN GRU Niall wig Bae ree Pe a oS sine! Sn llel dated 8 13.85 
RET RETR Ae SRR ss Dias gl Ai cig la aig’ s)cioin ahd aieha'e moraine Sears x ates @ 47.90 
Wolatile combustible matter... 3...02-....30s ccs c ese ee ese 30.95 . 
PRR A aes Ah Mh en AA Sls Ae eee sa 'play'sle > laid vinta HBG 7.30 
100.00 ' 
405. Great Valley. (§ 225.) Lowest Lignite. Weathered specimen, 
erumbling. Ash grey. 
By rapid coking. 
0 UD eee bt ee ade a ane en 18.74 
Cs NE aS ee BE nt oe ee 35.69 30.04 
Volatile combustible matter.................... 40.54 
ONO Ss oa ee asl Siateh ae occ ih SS. Nal GaSe) nln hijo ahdinle 0s 5.03 
: 100.00 
406. Great Valley. (§ 225.) Middle Lignite. Weathered specimen. 
Soft, breaking into layers along deposition surfaces. Largely composed 
of comminuted charcoal-like fragments. 
By rapid coking. 
ES AR et Ee OR ne PRE 16.28 
Memes. FI oS ee a . . 46.25 29,18 
Volatile combustible matter..................4. 33.19 
, SS Deve tee L is aia ihn fla Oe Seon, oe «kale 4, 28 
: . 100.00 
407. Great Valley. (§ 225.) Upper Lignite. Outcrop specimen. 
Crumbling. Tends to break into layers parallel to deposition planes. 
B id coking. 
‘ eit SE Be ea BOR TERE SS DAS Teneo s Wiehe 
aS ERO CARINE 5 2553 S34 Toy Js Shae deca Wrae. ws: 34.45 27.61 
d Volatile combustible matter........... ........ 44,43 
FE et ear ipae toe ip panes Laemooes eee Fy ee 5.92 
4 100.00 
> 408. Great Valley. Section on the forty-ninth parallel. Bed four 
% feet thick. Out-crop specimen. Brownish. Fracture almost conchoidal. 


Ash yellowish-white. 
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409. Porcupiue Creek. (§238.) Lower part of 18 foot seam. T 
compact lignite, separating into horizontal layers. Much amber in sr 
spots, a good deal of woody structure apparent, and some mineral 
coal. Ash light-grey. - 
By rapid coking. 108 i 
Whlot rere rete oa 41.03 
i . 12 

























a 410. Porcupine Creek. (§238.) Upper part of 18 foot seam. 
ph crop specimen, crumbling. Ash white. . 
sf PsP § 
. By rapid coaking. 
4 < $b ISIE ren Pace es 4d ker Ct Aco 8 1687 ORE 
s Bison ‘Carbon: oo 4). 24 >s evoke eee ee ee 34.32 24.30 
z. Volatile combustible matter.................0-0. 37.51 
% Ba nyo. oeagh Gigecd tina cikiste Sia eae 11.30 
: 100.00 
4 411. St. Mary River—(S 326.)—Bituminous Coal. Bed about ae 


inches thick. A strong coal not affected by weather. Traces of horizontal — pe 
‘Z lamination, often showing more or less mineral charcoal. Cleat in two & i: 

directions nearly at right angles, with smooth shining faces, and often = 
e. very thin films of calcite in the cracks. Certain parts show slight traces A 


* 
| 








“5 of pyrites. Forms a perfect coke when rapidly heated, with the evolution — ae 
. of a quantity of rich illuminating gas. When slowly heated, in pow- he * 
a der, a weak coke is formed which may be crushed between the fingers. 
; Ash reddish grey. : me Bay) is 
; Aas? 
; WV AUER one os temine sonny = + ba sme ena Rens Oey eee ee 5.05 cm tt 
BAGO. CAMA: Ee 55.6.5, 5 ote, nip n 0 Clarke a he's ale, tin oe baa tae 64.65 Z ; 
Volatile combustible matter:.....5..-spsn0 supe rene cone eee 25.30 or 
Mile FRAO ES OAT SR ee 5.00 A ea vy . 
j . ® a +4 . + 


412. Rainy River.j (§ 340) Compact Lignite, with woody structure — cf Py 
plainly apparent. Ash yellowish-grey. Og 
WURUOE. 2. +. Caebibe abla co's Siar dale oa eke p's gE 15,45 

Mised. Carbon . ai.G.de scisids sips seiv'dv'ss Uaan Oe pean ee oe Eb vtin 


Volatile combustible matter...............cc cece nccccvess (aa 
FARE. 2» + veins > cee sade a ee's Uso as abo Cee 











VALUE OF LIGNITES AND IRONSTONES. - 193 


413. The lignite from Rainy River, to which the last analysis refers, 
is noticed in the paragraph indicated above. The specimen received was 
asmall one; and not having visited the locality, I cannot speak confi- 
dently as to the mode of its occurrence. In its appearance and composition 
it resembles many of the lignites of the Tertiary, but if in situ, it may 
more probably be found to belong toan outlyer of Lower Cretaceous rocks. 
In any case, it is far removed from the regions to which the other analy- 
ses refer, and does not at present require further consideration. | 

414. The mineral fuels met with in the neighbourhood of the Line, 
fall naturally into two distinct categories. The first, including all except 
one, must be called lignites ; the second, represented by a single example 
only, is a true bituminous coal. The first class includes not only, there- 
fore, the great majority of the fuels met with in the vicinity of the forty- 
nith parallel, but also almost all known in the interior region of the con- 
tinent, both north and south of this line. They are emphatically lignites 
or brown coals, and though they may be designated by the name lignite 
coal, insomuch as they come under the generic class of coals, they cer- 
tainly cannot properly be named by the latter word alone, as by it an en- 
tirely different kind of material is generally understood. The vast area, 
and great importance of these beds of fuel, should not be allowed to 
weigh in changing the name which would without any hesitation be ap- 
plied to them, were their occurrence on a more limited scale. The word 
lignite has attached to it a definite mineralogical significance, and must be 
employed when it is desired to define the position of these fuels in the 
scale of combustible materials. Lignites are found in connection with many 
of the later geological formations, and differ from true coals in containing 
a larger percentage of water, hygroscopic and combined, a greater propor- 
tion of hydrogen, oxygen and nitrogen, and less carbon. They also inva- 
riably give a brown streak or powder, yield easily a brown solution with 
caustic potash, and sometimes even to water, and, according to Frémy, 
may also be distinguished from coal and peat by their complete solubi- 
lity in nitric acid and hypochlorites. The better kind of Tertiary lignites 
of the region now in question, differ from many foreign fuels of the same 
class, in their small percentage of ash, but show for the most part distinct 
evidence of having been produced from wood, and would therefere even 
be classed as lignites under the most restricted meaning of that term. 
The wood, from its microscopic structure, has been coniferous, and may 
have belonged to the same species of Thuya, Sequoia, ete., represented by 
leaves in the associated clays. | 
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415. The lignites of the ieee, parallel sea ) adm 
_ Classification under three leading types. (6 eae 


First—Compact, homogeneous lignite, without very evident t traces 
of deposition pine: The laieis. structure often plainly app 








of the wood. Generally st eee the pick. This is the eon 
most abundant variety, and includes many of the most promising b 






RESULTS OF ASSAYS OF LIGNITES, WATER BEING ESTIMATED AT A 
AVERAGE OF 12 PER CENT. 






















































o 
ds e 
a | 8 z 
ae Bea d la 
Locality. oth ae ‘= Se 
pH] | 8 \ee ai 
wm PS 4B = 2 | t 
Le | —_ @ Lapel a! 
G AS ° n 
= =a ce | > < 
1. Souris Valley. . ..(§ 397)} 255) 2" 3” 45.48 | 39.77 | 2.76 | Reddish-white. 
2 " eee (§ 398)} 263) 3’ 2” 46.18 | 35.90 | 5.92 Yellow-brown. ~ 
ea n...(§ 399)| 263] 1 5” 31.51 | 50.02| 6.47 | Yellowish. Bit, 
a n .eee(§ 400)| 263] 1” 0" | .; 138.08] 44.57] 5.35] Light Yellowish. — 
S iene ; 
ane » ...(§ 401)} 263] 6’ 6” | © | 34.82| 48.30] 4.88 | Greyish-white. 
o < 
Gitity uw 2ees(§ 402) 262)... .. a | 43.72 | 42.40] 2.88 | Yellow. 
7. ow ese.($ 403)} 263) 7’ 3” | 8 | 49.31] 33.98] 4.71| Yellowish-whit. 8 = 
8. Traders’ Road. . ..($ 404) 2 | 48.93] 31.61] 7.46 | Reddish. : 
- 
9. Great Valley....(§ 405)| 344 3 38.65 | 43.92} 5.43 | Grey. 
10. on sees (§ 406) s 48.61 | 34.90] 4.49 | Grey. 
Ty tS (SLU MT} E | 36.92 | 44.95| 6.13] White. 


12. " th), 2 chem (§ 408) 38.63 | 44.48 | 4.89 | Yellowish-white. 








13. Porcupine Creek, 










Lower part. .(§ 409)| 390/18’ 46.20 | 35.14 6.66 | Light grey. 
14. Upper part. .($ 410)} 390/18’ 36.33 | 39.97 | 11.70 White. 
15, Rainy River..... (S°S2Sh. CTSA 45,22 | 35.08 | 7.70 | Yellowish-grey. 





.. Second.—Lignite more or less distinctly horizontally laminated, 
a showing little apparent woody structure, but sometimes a not inconsider- — be 
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able quantity of mineral charcoal. Not very tough under the pick, and on 
weathering, breaking up along the planes. This form, is probably also 
in almost all cases composed of wood; but the material has undergone 
more thorough decay before the deposit of the next highest beds. 

Third.—Soft and friable; often with much mineral charcoal, but 
frequently brownish, and containing harder masses in some places. This 
variety, no doubt, often results from the thorough decomposition by the 
weather, of either of the others; and beds with this appearance would 
probably change their character for the better, more or less completely, 
if penetrated beyond the outcrop. There appear, however, to be some 
beds of this nature throughout; and these have been formed from peaty 
accumulations, with little wood. This class it is, which is most apt to 
contain much ash, and the beds under it, sometimes do not show clear 
lines of junction with the enclosing clays, but graduate into them. 

416. In the assays above given, it has not been thought necessary to 
restrict the examination to those beds which are of workable thickness, 
as a general comparison of the various seams, thick or thin, is of more 
value in giving an idea of the average quality of the lignites of the 
formation now known, and those which future exploration may bring to 
light, in the same region. The analyses, therefore, include a selection 
from the various sections; and several beds of good quality and thick- 
ness, with many of an inferior character, are unrepresented. 

417. Though giving the actual amount of hygroscopic and com- 
bined water, as found by analysis, it must be premised that it depends 
entirely on the conditions to which the lignites have previously been 
subjected; and that, by prolonged exposure to dry air,it might have been 
inmany cases very considerably reduced. It has, therefore, been 
thought advisable, in another place to reduce the results of all analyses to 
correspond to a certain percentage of moisture, that they may be better 
compared with each other, and with foreign lignites. The water content 
has been taken in the table, at 12 per cent., which has been adopted as 
the probable practical limit of dessication by dry air, under ordinary 
circumstances, of most of the samples. The lignites, it will be observed, 
are on the whole uniform in composition, and contain an average of 
over 40 per cent. of fixed carbon when the water is estimated at 12 
per cent. They thus fall somewhat behind the lignites found in the 
vicinity of the Union Pacific Railway; but it must be remembered that 
these only represent those seams which have been selected as workable 
from their good quality, and thickness; and also that many of them 
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belong to the extreme western part of the interior continental - egion, 
and to the better class of lignites found in the vicinity of the Ri 
Mountains, which are but slenderly represented in my collections, None 
of the lignites yield a proper cokes They merely shtink somewhat in | 


size during the expulsion of the volatile combustible matter, and turn out 
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of the crucible in a dry incoherent powder. The volatile matter is, as 
might be expected, comparatively poor in luminous gases, and the — 
lignites would, consequently, be of little use in the manufacture of 
illuminating gas. 


418. The ash is generally of pale colours; grey and white, pass: Bi. 
ing into yellowish-white, being the prevailing shades. One or two only 
yield a deeply-coloured ash, which is then brick-red. It is small in 
amount in most of the specimens, and does not usually appear of a nature 
to form troublesome clinker. The lignites when burning yield a peculiar 
empyrumatic odour, but no smell of sulphur; and indeed, as might be 
foreseen from the nature of the ash, the quantity of sulphur present is 
very small. 


— 


419. The proximate analyses give, in a general way, the means of 
estimating the value of the lignites as fuels, but there are many other 
considerations which require attention. The ash is not greater, andin 
many cases less, than that contained in most ordinary coals; and cannot = 
therefore be supposed to detract specially from the quality of the lignites. 
The amount of water present is, however, the most serious drawback, 
as it not only counts as so much incombustibie material, being already 
fully oxidized, but absorbs and renders latent a considerable quantity of 
heat, which is necessary to convert it into the form of steam. Thus not 
only the total thermal effect of the fuel suffers, but the pyrometric 
intensity is reduced, which is a matter of special importance in metal- 
lurgical operations, and in the use of a fuel for raising steam, when the 
space allotted to the combustion is limited. Besides the quantity of 
oxygen present in these fuels, already in combination with hydrogen to 
form water; there is an additional quantity,—not inconsiderable in 
amount and probably in the form of various bituminous compounds with 
carbon and hydrogen,—which, as soon as combustion begins, combines 
also with the latter to form water. The weight of this oxygen, 
and the hydrogen necessary for its saturation, must thus also be 
deducted, together with the nitrogen, which is usually present in 
greater quantity than in true coals. We have then remaining, a propor- 





5 
*s 


tion of carbon and hydrogen which may be counted on for the useful pro- 
duction of heat, considerably less than that found in the same way for 
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* — most true coals, but much in excess of that for wood or peat. 





420. By taking into account all these circumstances, with others of 
less importance, and applying the knowledge to the examination of the 
results of ultimate analyses of fuels, very exact estimates of their 
capabilities may be formed. Of the lignites of the interior region of’ this 
continent, unfortunately, but few reliable ultimate analyses are to be 
found, and of these only two apply to those of British North America. I 
had hoped to have added such analyses of some of the more important 
lignites of the forty-ninth parallel to this Report, but the time at my dis- 
posal has not sufficed. The analyses referred to are from specimens 
collected by Dr. Hector, and are as follows * :— 





L Ii. 

Bere shat tjiard wai ala see ita ds 56°50 50°60 
NS do ia aa ac 519 as tam 8 tm, 4 5 8 3°65 3°24 
EY ee EP eee Fe eth ay eer 18°91 14°41 
I Se SE ee Pe 0°80 0°90 
OR oe See PR ee a eee 0°60 0°42 
RIES, Metra ae alate ts Wain wie wal ae ou har acne ® 5°62 15°93 
So A i 13°92 14°50 

100°00 100-00 


No, I. from the Souris River near La Roche Percée. No. II. from a 
six-foot seam occurring near Fort Edmonton, on the north Saskatchewan. 
The calorific power of these two lignites as compared with that of pure 
carbon taken at 100, is 59 and 53 per cent. respectively. + 

421. One of the most important practical difficulties which has 
arisen in connection with the use of the lignites of the Western States, 
has been the cracking up of the material, on parting with its water, and 
its speedy reduction to fragments when exposed to the weather. It 
has there been found preferable to use the lignites as soon as possible, 
after their extraction from the mine, even at the expense of an additional 
quantity of heat, lost in evaporating hygroscopic water. As the lignites 
do not form a coherent coke, this cannot be remedied, as it might be 
with most bituminous coals; lignite charcoals might, however, be 
produced ; and though in most cases, these are found to be rather friable, 
many of the compact western lignites would probably give a good result. 
The lignites are, however, now extensively employed for locomotive 
engines, and other steam-raising purposes, and though not directly 

*Hector. Journ. Geol. Soc., vol. xvu., pp. 409, 421. The analyses made by Mr. Charles Tookey in 


Dr. Percy’s laboratory. Royal School of Mines. 
+ As calculated by Mr. Raymond. Quoted by Mr. Marvine in U. 8S. Geol. Surv. Territ., 1873, p. 114. 
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applicable to most metallurgical processes, might be used in the form — 
of charcoal, or perhaps more profitably in gas furnaces after the pattern 
of those of Mr. Siemens; and, as settlement spreads westward, and these 
fuels are more in demand, many new methods will no doubt be found for 
their application. When they exist in the vicinity of land capable of 
agricultural settlement, they will be of great value, not only for domestic 
uses, but for the manufacture of bricks, tiles, and pottery, for which 
many of the enclosing clay and sand beds are very suitable. 

422. The St. Mary River coal, though unimportant in itself, from 
the thinness of the bed, is yet of great interest, as showing that there is 
aregion toward the base of the mountains on the forty-ninth parallel, 
where fuel, better in quality than any heretofore found in the interior 
continential region, may be looked for. It is highly probable that impor- 
tant seams of similar coal exist even near the Line; and I have heard of 
the occurrence of similar beds on the Belly River to the north. Some tra- 
ders, indeed, brought a sample of coal to one of the Depét Camps on the 
Line, which, being handed to the blacksmith, was, before I returned to the 
place entirely consumed ; it being found well suited to smithy work, and 
thus differing from the lignites. I was unable to visit the locality from 
which this specimen came, but was informed that it lay about fifty 
miles northward, at the junction of the Waterton and St. Mary Rivers, 
that the bed lay nearly flat, and that what appeared to be the same seam 
was found on both rivers, being about five feet thick on the former, and 
six on the 'atter. It would seem that the conditions of deposit, or ma- 
terials forming these coals and higher class lignites in the vicinity of the 
mountains, must have differed from those of the lignites further east. 
Metamorphism accompanying and caused by the folding of the formation, 
would probably convert a lignitetinto an auchraciie, without allowing it 
to pass through the intermediate condition of a bituminous coal ; and the 
bed last referred to, and others of somewhat similar quality elsewhere, 
are found in a nearly horizontal position. 

423. Four analyses of fuels obtained by the Rev. L. Taylor, and exa- 
mined by Prof. Haanel, of Victoria College, Coburg, have a very direct 
bearing on the question of the nature of the coals which may be expected 
to occur along the base of the mountains. The analyses appeared in the 
the Toronto Globe in February, 1874, and their results may be thus sum- 


marized :— 





ere Volatile Matter. | Fixed Carbon. 


1.375 57.25 


__ "RASS Rs 1.375 11.41 29.07 56.94 2.58 
A 1.340 6.69 33.70 53.25 6.36 
a 1.337 6.89 33.57 50.90 8.64 


No. I. from the North Pembina River 100 miles north-west from 
Fort Edmonton. No. Il. from near Belly River. No. III. from Belly 
River. No. IV. from the Saskatchewan. River near Fort Edmonton. 
Prof. Haanel thus describes the specimens :—“ I. and II. are bituminous 


_ coals, of a bright lustre, irregular fracture, showing, to judge from the 


small specimens sent, no distinct lamination; of a high specific gravity, 
comparatively free from sulphur, and giving out little tarry matter upon 
coking. No. III. and IV. are also bituminous, of a less specific gravity, 
lustre dull, distinct lamination; fracture at right angles to lamination, 
irregular with bright surfaces. Parallel to the place of lamination the 
slabs separated are dull ; gives out considerable tarry matter upon coking.” 
It is stated that the two first do not form a coherent coke, and it is to be 


inferred from what Prof. Haanel says, that the others do. Nos. III. and 


IV. much resemble the St. Mary River coal in composition, and come from 
the vicinity of the coal bed described to me as occurring at the junction 
of that stream with Waterton River. 

424, In the Report of Progress of the Geological Survey of Canada for 
1873-74, a number of interesting analysis of fuels from the interior region 
of British North America are given. Seven of these, by Mr. Christian 
Hoffmann, refer to specimens collected by Prof. Bell near Dirt Hills,* 
and south of that place; not far from the north-eastern border of the 
lignite formation near the 106th meridian. The quantity of water in 
these lignites when thoroughly air-dried, as shown by the analysis, varies 
from 12-26 to 19°33 per cent. They exactly correspond in other respects 
with those of about the same longititude on the Line. The second series 
of analysis, by Dr. B. J. Harrington, are of fuels collected by Mr. Selwyn, 
Director of the Survey, on the North Saskatchewan, between Rocky 
Mountain House and Edmonton ; these, though Prof. Harrington classes 


* This name seems to be rather loosely applied to different parts of the north-eastern edge of the 
Coteau, the point so called on the accompanying geological map, is not that referred to by Prof. Bell, 
which is further to the west and north. 
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them all as brown coals, are of afar superior quality, some of thera up- 
: proaching the St. Mary River coal, and equalling the best Tertiary ry 
ss fuels of the Western States. The water found in the various speci- if 


 , mens is as follows:—782, 11:81, 10-90, 12:93, 7:50, 11:09 per cent. 
Some of these are stated to crack and fall to pieces on exposure, while 






: ie others are little affected, and are considered suitable for transportation ee 

% a a distance. 4 "4 
Z | 425. On reviewing the whole of the analysis of these fuels, and refer- 
ss ring them to their localitles on the map, it will appear that lignites which 

i. contain, when thoroughly air-dried, above twelve per cent. of water, — 
a occupy the eastern part of the area covered by the Lignite Tertiary, — | 
, while beyond about the 113th meridian, many, if not most, of the fuels — 

‘ met with contain less than that amount of moisture, and pass by e2sy 


ae gradations, in some instances to coals indistinguishable from those of the 


= Carboniferous formation. These two regions are not, however, mutually — 
3 exclusive, for west of the line above indicated, lignites of the former class 
: are often found, and also, apparently, fuels representing all intermediate 


stages. This mixture of the two classes in the extreme west would sug- 
gest either the presence of two distinct coal-bearing formations, or two 
different horizons of the same series of rocks. From the apparently 
complete gradation in the quality of the fuels, and analogy with the better 
known regions to the south, the latter would appear at present the more 
probable explanation. In the Western States, thisarrangementis exactly = 
paralleled, and the poorer lignites of the Fort Union Beds, are represented 
in the far west by those of good quality and comparatively small percent- 
age of water in Colorado, Utah, &c. 

426. The total area of the western part of the prairie region | 
between the forty-ninth and fifty-fourth paiailels, né6w known by more ~ 
or less connected lines of observation, to be underlaid by the lignite and _ 
coal-bearing formation, or formations, does not fall short of 80,000 square — 
miles; and should future investigation result in affixing some of the 
fuels to the Lower Cretaceous, it must be very much greater. The 
importance of these great deposits of fuel, in a country naturally so 
destitute of wood over great areas, cannot be exaggerated. In Colorado 
the thick and workable lignite beds seem to occur only at the very 
base of the Lignite Tertiary formation, and though this may also be the 
case in the vicinity of the mountains further north, it does not hold with 
the eastern portion of the formation, on the forty-ninth parallel, where 
lignites are equally characteristic and abundant at all horizons exposed. 
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Where the very base of the Lignite Tertiary is seen in the Bad Lands 
section, and further west near the 534 mile point, there appears, as 
already mentioned—to be a very persistent lignitiferous zone, but there 

is no appearance of any fuel of better quality like those of the extreme 
west. It, therefore, cannot be supposed that the improved appearance 
of the St. Mary seam, and others, is due merely to their occupation of 
a lower horizon than elsewhere exposed, irrespective of westward change 
in the character of the beds. 

427. The ironstones of the Lignite Tertiary formation, to which fre- 
quent reference has been made, though occurring very often in the 
same sections and in close proximity to the lignites, have not been ob- 
served in any part of the area examied to occur in considerable thickness. 
They generally appear in nodular sheets, or scattered nodules, following cer- 
tain horizons in the clays and argillaceous sands, and are found in greater 
or less abundance in nearly all the sections examined. Externally, they 
weather to various shades of chocolate-brown and reddish-brown, but are 
hard and compact in structure, and within preserve their original bluish- - 
grey, or yellowish grey colour. 

428, The subjoined partial analyses of specimens collected in 1873, 
were published in the “ Report of Progress” for that year. I regret that 
the time at my disposal prevents the execution of more complete analyses, 
or the examination of many other specimens subsequently obtained. 


Clay Ironstone. Souris Valley—(§ 209.) 
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Clay Ironstone—Great Valley. 
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A small quantity of iron is present as peroxide in each ore, but I 
have not thought it necessary to make a separate estimation of this, 


















ye 


. 


¥. id ie t, Ty Pa pt Pein SS, SP Sn te eee. eo 
‘ +S, 7 : 





the fuels are better suited for this pwrpose, and ironstone probably still — ee 


5 


“—_ * 
Pra. f ~ Sam SI - 
hie y . af — » F 
% 0" eae * af 
LA! | 4 


B. N. A. BOUNDARY COMMISSION. — 









° 
annn 






vane rs 
A third specimen from the Great Valley axenccion for iron 
gave a percentage in the raw ore of 37.95. +) 
A detailed analysis by Dr. B. J. Harrington, of a specimen “of i 
stone obtained by Prof. Bell, near the Dirt Hills, will be found in: the 
Report of Progress of the Geological Sea of Canada, 1873-74, } 
241. | AR ) 
429. It would appear that the iron ores of this formation rank high in ie 
the class to which they belong, and that if occurring in sufficient. quantity. Pi 
they might eventually become of great economic, importance. I have not — 
seen, however, in the vicinity of the Line, any place in which they are s oe 
abundant as to warrant the hope of the profitable production of iron. Ine 
some localities, great surfaces are more or less thickly covered with no- i 
dules which have been left behind by the erosion of the containing rocks; te 
and it is of course possible that further search may lead to the discovery. 
of sections in which so many bands occur as to render it profitable to 
work over the entire bank for their extraction. et 5 
430. The poor ironstones of the eastern out-crop of the Cretaceous Re. 
have already been described (§ 185). In the western extension of the — ee 
same division of the Cretaceous, ironstone is much more abundant, espe- ¥: iid 
cially where it holds the large septarian nodules described by Dr. Hector | Bee % 
as characteristic of his group C. These in some places are rich and pure ; 
ironstones, and were noted to be specially abundant in some of the sec- aa 
tions south and west of Wood Mountain. These rocks may in some © fea 
places occur with sufficient ironstone, near good lignites of ae Tertiary, — : an 
to be of economic interest. = 
431. If the manufacture of iron is ever to be carried on ona large — 
scale, for the supply of the interior region of the continent, it will proba- — i 
bly be, however, toward the eastern base of the Rocky Mountains. There “a ,. . 







































occurs quite as abundantly in the formation. There, too, it may confi-_ 
dently be expected that search will bring to light deposits of the richer 
classes of ores among the palxozoic rocks of the mountains. 


CHAPTER VIII. 


AGE OF THE LIGNITE-BEARING FORMATION AND POSITION OF THE 
3. LINE SEPARATING THE CRETACEOUS AND TERTIARY. 





AGE oF THE LIGNITE FORMATION—Nature of the question—Physical break between 

4%. Cretaceous and Tertiary of Europe—No physical break in Interior Conti- 

hers nental region — Unity of the Lignite formation — Tertiary age of Eastern 

“fora representatives not directly questioned—Summary of facts and opinions bear- 

ing on the age of Lignite formation—Stratigraphical—Invertebrate fossils— 

Fossil plants—Vertebrate remains—Character of Junction Cretaceous No. 5 

and Lignite formation—-Contemporaneous deposit of No. 5 over the entire 

area.—REVIEW OF THE EVIDENCE—Plants—Fresh-water molluscs—Marine 
molluses—Vertebrates—General conclusions. 





432. In adopting the name Lignite Tertiary, as that of the great 
newer coal-bearing formation of the west, and using it—as has been 
done throughout—to designate the part of the series which lies above the 


<— : ; 

____ 5th or Fox Hill group of Meek and Hayden’s Cretaceous section, I have 
a not done so carelessly, but as the result of a careful, and I hope impartial, 
i. review of all the evidence bearing on the age of the formation, to which 
[have access; as well as the study of the rocks in the vicinity of the 
: a. forty-ninth parallel, which have come under my more immediate atten- 


tion, and which seem to throw important light on the question. It would 
appear only proper to state the reasons which have had most weight in 
leading to the formation of this conclusion, and this will now be done as 
briefly as possible. The subject is a delicate one, insomuch as it has 
been the topic of much eager controversy, but it is hoped that injustice 















that if errors have crept in unobserved, good intentions will serve as an 
apology. Nor can the gradual change of opinion—now a matter of 
geological history—which has taken place on some points with the 
advance of knowledge with regard to the beds, be considered derogatory, 
_____ for nothing can be more honorable or truly scientific than that impar- 


— dency, the prompt retractation or modification of views formerly 
upheld. 

433. There is, perhaps, no more interesting problem in. American 
geology, than that presented by the later deposits of the interior region 


has not been done to the views of any of the gentlemen concerned, and. 


tiality which allows, on the knowledge of new facts of a different ten- . 
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represent the taney ae of the Cretaceous and the iota 
of the Tertiary. This question is at the same time one of consider 
difficulty, so much so, that the systematic position of a great serie 
beds, in some places several thousand feet in thickness, and including 
the greater part, if not the whole, of the valuable lignite deposits, is 
present in doubt. Various geologists who have devoted much time and i 
study to the formation, are almost equally divided in opinion as to the 
Cretaceous or Tertiary age of the rocks, or the correlation of a portion — 
with the former and a por tidh with the latter formation, and the position — i 
of the separating line. aa es: 

434. Much of the difference of opinion, however, appears to have ye. 
arisen from approaching the problem with preconceived ideas, and the 
attempted application of paleontological generalizations derived from ie z: 
the study of other localities, which have been formulated under too rigid 
laws. The break between the Cretaceous and Tertiary in England, and 
in Europe generally, is one of the most complete and striking in the 
entire rock series, and justifies not only the strict separation of the 
Upper Cretaceous and Eocene beds, but the introduction of the great — E } 
classificatory line dividing the Secondary from the Tertiary. The © 
Meestricht and Faxoe beds, and the Pisolitic limestone of France, it is — ai 
true, show an approximation to the fauna of the Eocene, but are still ‘ 
distinctly Cretaceous, and go but a little way toward bridging the great mee 
hiatus between the formations. The Upper Cretaceous beds of New 
Jersey, and the interior continental region, appear to represent these 
highest European members of the Cretaceous; and in the eastern coast 
region of America the localization of the break between the Cretaceous | 
and Tertiary at this horizon is also borne out, the lignitic series of the ie ii 


Se 


West being unrepresented. ay 












































435. It has been a common paleontological aphorism, based - 
especially on the study of the European series, that no single species | f: S 
is known to have passed upward from the Cretaceous to the Tertiary, 
but this, like most negative generalizations in geology, is already found 
to be imperfect. On examining the typical localities, we find that the 
change in the form of life is not alone, but synchronous with vast 
physical changes, indicated by an entire alteration in the character of 
the deposits. There is every reason to believe, that the physical break 
was more sudden and potent in its effect on the forms of life, than any 
slow replacement of old types by new, by development or otherwise. 
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Animal life of a form hitherto scarcely represented, is by the changed 
ins! circumstances brought prominently forward, and adds much to 
the apparent completeness of the replacement. It was an appreciation 


of this fact, which led a few years ago to the extreme statement, that 
the Cretaceous period still exists in the deep sea. 

436. In the interior region of America, no great physical break took 
place at this time, and though the change in facies of life forms there, is 
probably much more rapid than can be accounted for without adding the 
acceleration due to physical change, the latter advanced slowly and 
uniformly, and, as might be foreseen, no distinct separating paleonto- 


logical line can be drawn. As geological knowledge increases, it 


is found that its record of time in any one locality is much more 
imperfect than had been supposed. A combination of the records of 
all regions would, no doubt, suffice to fill the gaps, and the Lignite 
formation of America appears to go far to close one of the greatest of 
them. 

437. Dr. Hayden, who has been actively engaged in working out 
the geology of the great area west of the Mississippi, included in the 
Territories, has affirmed and reiterated his belief, that the whole of the 
lignite-bearing rocks of the west belong to one great connected series, 
however separated now in some regions by the upheaval of mountain 
chains, or by denudation.* This view is also insisted on by Prof. 
Lesquereux for a great majority of the different localities, + and is ap- 
parently accepted by Prof. Cope and others. The evidence is also irre- 
fragable that these rocks, wherever their relations are clearly shown, 
or have been carefully worked out, rest directly on the upper member of 
the well marked marine Cretaceous, in a perfectly conformable manner. 
The underlying rock is invariably, or almost invariably, the yellowish 
arenaceous clay or sandstone referable paleontologically—wherever that 
criterion admits of application—to Meek and Hayden’s 5th group, and 
entirely distinct in appearance from the greater part of the beds asso- 
ciated with the lignites above. { I can not find in the reports of the U. 
S. geologists, mention of the occurrence, in the Rocky Mountain region 
or eastward, of beds of lignite or coal in the lower weil-marked members 
of the Cretaceous, comparable to those of the Saskatchewan, which are 
provisionally placed on that horizon by Dr. Hector; with the possible 
exception of the coal observed by Prof. Marsh on the south side of the 


* Am Journ. Sci, and Arts, 1868. U.S, Geol. Surv. Territ., 1870, p. 165. U.S. Geol. Surv. Territ., 
1872, p. 14, &c. t Ibid., p. 350, t Hayden. U. §, Geol. Surv, Territ., 1867-69, p. 121, &e. 
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Uinta Mountains in Utah,* and the Placiére coals of New Mexico, des- 
eribed by Prof. Newberry, which are considered as Tertiary by Prof. 
Lesquereux, and have been stated to be so by Dr. Hayden.t With these 
exceptions, therefore, and leaving out of consideration a few localities in 
Utah and elsewhere, with regard to which there may still remain some 
slight doubt; the age of the whole of the valuable lignite deposits of the 
West depends on that assigned to the series of beds immediately over- 
lying Cretaceous No. 5, with which they are associated. 

438. The Tertiary age of the eastern representatives of these beds, 
in their typical localities, has never been directly questioned. It is 
only if the Lignite formation of the eastern base of the mountains be 
referred to the Cretaceous, that it becomes necessary, from the homo- 
geneity of the group, to consider these beds Cretaceous also. Prof. 
Newberry, however, has throughout maintained that these beds are 
Miocene, t while Prof. Meek more than hints at their ultimate inclusion 
in the Cretaceous, § and Prof. Cope now definitely classes them as 
Cretaceous; the two latter gentlemen arguing from the western beds 
eastward, in the manner above indicated. There seems little doubt, 
however, that the general tenor of the evidence of these beds, when 
considered alone, favours their Lower Eocene age. Their exact synchro- 
nism with the European Kocene is a question apart from the present 
inquiry. ) 

439. It is in the western extension of the beds of the Lignite formation, 
in the Rocky Mountain region,—where, though preserving the same 
entire conformity with the underlying well-marked Cretaceous, and non- 
conformity with the later Tertiary beds above them,—they have assumed 
preponderating salt and brackish-water characters; that the dispute 
with regard to their age has been closest, and the arguments on either 
side most equally balanced. The shells of marine and brackish-water 
type, instead of occurring merely in the lowest layers, here characterize 
a great thickness of the strata. At Hallville, in Utah, 3,000 to 4,000 
feet of coal-bearing beds were laid down before the sea waters were 
finally excluded. || Yet the tendency of the evidence seems to point 
to the necessary inclusion of these coals of Utah, in whatever series 
those of Colorado are ultimately placed, though Mr. Marvine appears 





*See Cope. U.S. Geol. Surv. Territ., 1873, p. 433, Prof. Dana in the last edition of hls Manual of 
Geology refers to those beds as belonging to the disputed Lignite formation, 
+t U. 8. Geol Surv. Territ., 1859. Am. Journ, Sci. and Arts, June, 1874. 
} Geological Report Yellowstone and Missouri Expedition, 1869. Am. Journ. Sci. and Arts, April, 1874. 
§ U. 8. Geol, Surv. Territ., 1872, p. 460, || Hayden, U. 8. Geol. Surv. Territ., 1870, p. 166. 
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oe to believe that they represent a different horizon.* The lignite- 
bearing rocks of the forty-ninth parallel, from about longitude 110° 30’ 


westward, belong with few exceptions to the salt and brackish water 
series, and closely resemble those of the eastern and western flanks of 
the Rocky Mountains further south, both lithologically and paleeonto- 
logically. Specific identity probably obtains between molluscs from the 
vicinity of the Buttes, and both those of the Coalville and Bitter Creek 
series of Dr. Hayden. 

440. Dr. Hayden, whose authority with regard to the stratigraphical 
relations of the western beds can scarcely «be disputed, in all his earlier 
publications and reports, refers the whole of the lignite-bearing rocks,— 
which as already stated he considers as an unbroken series,—to the 
Tertiary, and attaches them to the Miocene division. Writing in 1857, in 
conjunction with Prof. Meek, he says :—‘‘ We have no evidence that 
any of the Tertiary deposits now known in Nebraska are older than the 
Miocene. The great lignitic basin, and the Mauvaises Terres of White 
River, though probably both Miocene, are not exactly on a parallel.” + 


Again, in the same year, in his Notes explanatory of a Map and Section, 


he writes of these beds. “ The collections of fossils now obtained show 
most conclusively that it posesses the mixed character ofa fresh-water 
and estuary deposit, and that it cannot be older than the Miocene 
period.” = In the-published results of the Yellowstone and Missouri 
Expedition of 1859-60,$ we find the entire formation still retained 
in the Tertiary, but placed doubtfully on the horizon of the Eocene of 
Europe. The doubt seeming to obtain chiefly with regard to the pro- 
priety of its separation from the Miocene, and to be based on Dr. 
Newberry’s opinion on the plants. The comparison by Prof. Liedy of 
the animal remains with “types.even older than the Tertiary” is, 
however, mentioned. In 1868 Dr. Hayden still maintains the Tertiary 
age of the formation, and mentions especially the coal-bearing beds 
of the Laramie Plains, although in this locality, as he says, “ some 
marine fossils are found in strata connected with the coal.’’|| The 
admission is also made that there may here be ‘some thin seams 
of impure coal in the upper Cretaceous beds.” In 1870, Dr. Hayden 
refers to the Lower Eocene, the coal formation of the Green River and 
Bridger regions, but designates his classification of the beds there as 


‘* U.S. Geol. Surv. Territ., 1873, p. 107. 7 Description, New Species and Genera Fossils, &c. p. 19. 
t Notes Explanatory of a Map ‘and Section of the Country Borderirg on the Missouri River. p. 9. 

§ Geological Report Yellowstone and Missouri Expedition. p. 29, et seq. 

|| U. S, Geol. Surv. Territ,, 1867-69. p. 100. 
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provisional only.* In the same report the position of the Coalville 
lignite series is admitted as doubtful, the uncertainty being caused, 
however, by the local disturbances of the strata, the beds of Cretaceous 
No. 2 appearing to overlap them, The conclusion arrived at is, how- 
ever, that the coal is probably in reality ‘ above the black Cretaceous 
clays of No. 2, and forms a part of the Upper Cretaceous group.” + 
On another page of the same report it is stated that while in some 
localities the line between the Cretaceous and Tertiary is well marked 
by the absence of ine and brackish- 
water aspect—that in others, as in the Bridger Pass district, the division, 





however minutely the beds may be studied, must always be an arbitrary 
one.{ In 1872 Dr. Hayden is fully prepared to admit the Cretaceous 
age of a great part of the series. He considers the evidence of the 
Cretaceous age of the lower coal beds in Utah, especially at Bear 
River and Coalville, to be conclusive, and writes: “ But if we admit 
that the coal beds of Wyoming and Colorado are all of Cretaceous 
age, I think we may extend them all over the North-west and ignore the 
evidence from the fossil plants entirely. The facts, as we possess them 
at the present time, seem to point to the conclusion that the lignite strata 
commenced during the latter portion of the Cretaceous period, and con- 
tinued on into Tertiary times without any marked physical break, so 
that many of the Cretaceous types, especially of the vertebrata, may 
have lingered on through the transition period, even into the Tertiary 
epoch.”§ Also, in speaking of the lignite-bearing strata of the region of 
the Gallatin Valley: “The evidence at the present time points to the 
conclusion that the lower portions of this group are Cretaceous, passing 
up by gradual transition into the Tertiary, and that the greater portion 
may be regarded as of the age of the latter period.” In the maps and 
sections published with some of the reports referred to, the Tertiary 
classification of the beds in question is adhered to.|| Professors Hitch- 
cock and Blake have also adopted Dr. Hayden’s colouring in their general 
Geological map, bearing date 1872. 

Dr. Hayden’s explorations were begun on the eastern margin of the 
formation, but previous to 1857 he had examined the country bordering 
the Missouri as far west as Fort Benton, and on the present line of the 
Pacific Railway, to Green River. 





* U.S. Geol. Surv. Territ., 1870. p. 73 t Ibid.,p. 157. t Ibid., p. 76. 
§ U.S. Geol. Surv, Territ., 1872, p. 14. 
|| See Map and Section illustrating Geol. structure of. Country bordering the Missouri, 1857. Map 
accompanying Yellowstone and Missouri Report, 1869. Map accompanying final Report on Nebraska, 1872, 
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441. Prof. Meck, early in the field, concurs with Hayden, as we have 
seen, in 1857, in ascribing the lignite strata to the Miocene. As early as 
1860, it would appear, however, that he had referred some molluscs from 
the lower part of the coal-bearing series to the Cretaceous, and in 1870 
he takes the view that the beds of Bear River and Coalville in Utah, 
are Upper Cretaceous, passing up through a series of transition strata to 
Eocene ; though he is at the same time careful to guard against the 
supposition that he considers the limits of either one formation or other, 
to be exactly synchronous with those of the same names, and typified by 
similar fossils in Europe.* Reasoning entirely from the results of his 
examination of the invertebrate fossils, he places the lower beds, con- 
taining undoubted marine forms in the Upper Cretaceous, assigning 
them a position superior to Cretaceous No. 5, of the typical sections, 
Those with estuarine forms, are referred to the Tertiary; though in the 
conclusion of a note, on fossils submitted to him by Mr. Clarence King, 
he remarks :—“ While I am, therefore, willing to admit that facts may 
yet be discovered that will warrant the conclusion that some of the 
estuary beds, so widely distributed here, should be included rather in 
the Cretaceous than in the Tertiary, it seems to me that such evidence 
must either come from included Vertebrate remains, or from further 
discoveries respecting the stratigraphical position of the beds with 
relation to other established horizons, since all the molluscan remains 
yet known from them seem to point to a later origin.” + The most 
typical Cretaceous forms recognised in the marine beds are, Inoceramus, 
Anchuria and Gyrodes, “Genera that seem not to have survived the 
close of the Cretaceous period.” t Several other fossils of Cretaceous 
aspect, however, occur, and in some cases are compared specifically with 
those of the higher Cretaceous beds of California. § In summing up his 
arguments for the Cretaceous age of the lower beds of the Green River 
Basin, Prof. Meek lays especial stress on the occurrence of IJnoceramus, 
and asomewhat doubtful specimen of Anchuria, and also on the fact that 


_ there is no evidence of the existence of any strictly marine Tertiary deposits 


in the interior region of the continent. He admits that if the remainder of 
the molluscous fauna were presented to any paleontologist unaware of 
the existence of the Cretaceous forms mentioned, and the generalization 





* See Prof. Meek’s very interesting review of the question in U.S. Geol. Sur. Territ., 1870, pp. 
290, 291. t U.S. Geol. Exploration Fortieth Parallel ; vol. 11., 1870, p. 466. 
s { U. S. Geol. Surv. Territ., 1870, p. 290. 

§ The inclusion of remains derived from the disintegration of older but unconsolidated beds may ac- 
count for some of these facts. In the drift clays of the western plains, I have seen little altered 
Cretaceous shells imbedded, in a manner which would have been very puzzling, had their Cretaceous 
affinities not been known. 
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above stated, they might be unhesitatingly referred to the Tertiary.* 
In 1872, Prof. Meek made a carefiil examination on the spot, of many of 
the most interesting localities in the Rocky Mountain Region, and in his 
report reaffirms and extends his former views. It would seem, however, 
that the question was approached with some ready formulated rules. He 
writes, for instance, in mentioning the reference of the fossils to the 
Cretaceous in 1871. “This I did, mainly because there were among them no 
fresh-water or strictly brackish-water types ; while up to this time we know 
of no Tertiary of marine origin in all the interior region of the Continent.’ + 
At the same time two of the shells of brackish-water aspect were referred, 


to the Eocene, though—as he himself afterward states—they were sub-. 


sequently found to have belonged to the marine beds last referred to. 
Nothing can show more clearly than this error, the delicacy of the 
investigation, even when followed on the evidence of the molluscan type 
only; or the danger of depending on the change from marine, to 
brackish, and fresh water, as a definite line. It is but fair to add, how- 
ever, that the collection including these forms was small and apparently 
in imperfect preservation. On another page, Prof. Meek says of the 
lower marine beds, represented in the Bitter Creek Series: ‘“ Although 
partly committed in favour of the opinion that this formation belongs to 
the Cretaceous, and still provisionally viewing it as probably such, I do 
not wish to disguise or conceal the fact that the evidence favouring this 
conclusion to be derived from the molluses alone, as now known, is by 
no means strong or convincing.” { The absence of all the characteristic 
Cretaceous Cephalopoda is noted as not satisfactorily explicable, and the 
decidedly Tertiary facies of the Corbule commented on. Some of the 
latter, are similar to species found in the brackish-water beds of the 
Judith River on the Upper Missouri, which have generally been regarded 
as Eocene, though now, together with the Fort Union beds, by some 
included in the Cretaceous. An Anomia, at the same time, so closely 
resembles one from the Cretaceous of Texas, that it is supposed to be 
identical with it. Directly associated with the Dinosaurian remains in 
the beds at Black Butte, is found a shell indistinguishable from Viviparus 
trochiformis, originally described from the typical Fort Union beds, near 
Fort Clarke, on the Missouri. The unity of the lignite series now 
renders itself apparent, and the impossibility of referring their eastern 











* This seems to have already occurred, as Mr. Etheridge, Pelwontologist to the Geological Survey of 
Great Britain, has referred shells obtained by Dr. Hector at the Cypress Hills,—which in all probability 
belong to this formation—to the marine Eocene. 

t U.S. Geol. Sury. Territ., 1872, p. 458. t Ibid., p. 458. 
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and western representatives to different formations. It becomes necessary, 
nif consistency shall be preserved to include the whole series in the Cre- 
taceous or Tertiary, and the former course is adopted. Prof. Meek 
writes :—‘ The occurrence of this last named species here, along with 
a Cretaceous type of reptilian, and a Corbicula apparently identical with 
C. cytheriformis of the Judith River brackish-water beds, together with 
the presence of Corbulas, very closely allied to Judith River species, at 
lower horizons in this series, and the occurrence of some vertebrates of 
Cretaceous affinities at the Judith River localities,would certainly strongly 
2 favour the conclusion, not only that this Judith River formation, the age a 
of which has long been in doubt, is also Cretaceous; but that even the 
higher fresh-water lignite formation at Fort Clarke and other Upper 
Missouri localities may also be Upper Cretaceous, instead of Lower Ter- 
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: 442. Professors Newberry and Lesquereux have investigated the 
. numerous and rich collections of plants obtained from beds associated is 
with the lignites. Prof. Newberry, in 1869, in describing plants ob- ‘3 
tained by Dr. Hayden, throughout refers to the deposits as of Miocene 
age. The specimens examined at this time were from various localities 
in the valley of the Missouri, from the extreme eastern edge of the forma- 
tion at Fort Clark, to a point 100 miles up the Yellowstone.+ Prof. a 
Newberry still maintains the Miocene age of the Upper Missouri lignite an 
beds, on account of the great similarity of their flora to that of the ‘ 
Miocene of other regions, but inclines to refer those of Colorado, Wyom- F 
ing, and Utah to the Upper Cretaceous.{ This arrangement is appar- 
ently quite at variance with the stratigraphical unity of the formation, 
insisted on by Hayden and others, and the resemblance of many of the 
molluscan types throughout. 

443. Prof. Lesquereux, while admitting the Miocene facies of the 
| plants from the lignite deposits, when compared with those of the old 
q world,§ places those of the Missouri basin in the Lower Eocene, and ie 
h includes in the same category the greater part of those of the western 
| Rocky Mountain region. He, however, points out the close correspon- 
i? dence of American Tertiary and Cretaceous forms—plants from the ; 
e lower beds of the Cretaceous haying originally been referred to the 
; Miocene of Europe. Prof. Lesquereux visited and carefully examined 
4 7 some of the most interesting localities in 1872, and appears to have been 





a * U.S. Geol. Surv. Territ. 1872. p. 4 + Geological Report Yellowstone and Missouri Expedition. 
t} Am. Journ. Sci. and Arts, “April. 1874. § Am. Journ. Sci. and Arts, April. 1874. t 
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confirmed in his opinions previously expressed. Ile believes the Eocene 
of America and Europe to be identical in general characters, and as a 
resumé of his conclusions writes :—“ I am, I think, authorized to deduce 
the following conclusions: That the great Lignitic group must be con- 
sidered as a whole and well characterized formation, limited at the base 
by the fucoidal sandstone, at its top by the conglomerate beds ; that inde- 
pendent from the Cretaceous under it and from the Miocene above it, our 
Lignitic formations represent the American Eocene.” * In 1874, Prof. 
Lesquereux appears in some degree to modify this statement, by placing 
the beds at Carbon in the middle Miocene, and including those of Evans- 
ton and a few other localities, in the Upper Eocene, while classing the 
great majority of lignite-bearing rocks—including those of Colorado and 
Wyoming, with those also of Coalville in Utah, Nanaimo in Vancouver 
Island, and the Placiére coal of New Mexico—as Lower Eocene. + He 
believes that the age of the flora of many of the European beds referred 
td the Miocene, has not been fixed with sufficient precision to admit of 
their being used as terms of comparison. 

444, Prof. Newberry draws attention to the fact of the diversity of 
Prof. Lesquereux’s so-called American Eocene plants from those of the 
recognized Eocene of Europe, and does not think his reference of the 
lignite beds to the Eocene justified, writing :—‘“‘ This conclusion I am 
unable to accept, from the fact that the general facies of the Missouri lig- 
nite flora, is altogether unlike that of the European Eocene, and it is 
identified with the Miocene flora of Arctic America, Iceland, the He- 
brides, and Central Europe, by most of its genera, and by a considerable 
number of well-marked species.” ¢ 

+445. Prof. Cope appears first to have referred beds of this forma- 
tion to the Cretaceous, on account of their reptilian fauna in 1869.§ He 
has described the remains of the Dinosaurian reptile from the Bitter 
Creek series near Black Butte, where they occur in the closest relation 
with a coal bed, and were surrounded by a mass of vegetable debris, and 
associated with Viviparus trochiformis, already mentioned. He insists on 
the importance of this discovery, and writes :—“It is thus conclusively 
proven that the coal strata ot the Bitter Creek Basin of Wyoming Ter- 
ritory, which embraces the greatest area yet discovered, were deposited 
during the Cretaceous period, and not during the Tertiary, though not 


very long preceding the latter.” || 





*U. 8 Geol. Surv. Territ., 1872, p. 350. 
t Am. Journ, Sci. and Arts, June. 1874. U. 8. Geol, Surv. Territ., 1873. 
} Am, Journ. Sci. and Arts, April. 1874. § See U. S. Geol. Surv. Territ., 1873, p. 434. 
|| On the existence of Dinosauria in the Transition beds of Wyoming. 
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Prof. Marsh is stated to have found, “over the coal series, six 


‘miles from Green River, near Brush Creek, in Utah, a layer full of Ostrea 


congesta, Con., a typical Cretaceous fossil, and ahkove this a crinoid; per- 
haps related to the Cretaceous Marsupites, and also scales of a Beryx, 
a genus of Cretaceous fishes; and in shales below the coal bed, remains 
of turtles of Cretaceous types, and teeth resembling those of a Megalosau- 
rus.” * These beds, however, according to Prof. Cope, f do not belong 
to the horizon of the lignite formation of Bitter Creek, but perhaps to 
Cretaceous No. 3, and cannot be accepted in evidence for the Cretaceous 
age of the Lignite formation properly so-called. 

446. The Cretaceous age of at least a considerable part of the Lignite 
formation of the West is also held by Messrs. Marsh, Stephenson, Em- 
mons, and King. The latter places the line of division between the Cre- 
taceous and Tertiary at Bitter Creek, at the level of the highest horizon of 
brackish-water shells—a distinction which has the appearance of being 
a purely arbitrary one. 

447. The issue is perhaps closest with regard to these Bitter Creek 
representatives of the formation. By Prof. Cope, they are referred to 
the upper part of the Cretaceous, from the occurrence of the Dinosaurian, 
Agathaumas sylvestris. Prof. Meek, as we have seen, though not without 
much doubt, also relegates them to this formation; while Prof. 
Lesquereux believes the plants to be unquestionably Tertiary and Lower 
Eocene. Prof. Hayden had previously remarked the impossiblity of 
laying down any exact line between the Cretaceous and Tertiary of this 
region, and believes a considerable thickness of “ transition beds” 
to be developed ; { a feature also insisted on subsequently by Dr. Bannis- 
ter.§ Here at least, we find the co-existence of the remnants of a Cre- 
taceous fauna, with a flora such as is usually considered Tertiary by 
paleontologists. 

448. In the above brief summary of facts and opinions, it has been 
endeavored to bring together the more important data bearing on the age 
of the western Lignite formation, and to illustrate the gradual change of 
opinion which has taken place concerning it. For details and illustra- 
tions, it will only be necessary to refer to the elaborate and valuable 
reports of the gentlemen referred to. 

449. The physical nature of the junction of the Lignite-bearing beds, 
and “ transition beds,” with the well marked Cretaceous, has already 





* Manual of Geology. Dana. 1875. p. 457. + U.S. Geol. Surv. Territ. 1873, p. 439. 
} U. S. Geol. Surv. Territ., 1870. p. 75. § U.S. Geol. Surv. Territ., 1872. p. 525. 
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; been alluded to; and that examined in the course of my ‘own exp c 
aii is fully fibsctited in another par! of this Report. As this junct 






ws it may be adduced, Though j in some localities, as at Bittecs eek 
7m separation between the universally recognized Cretaceous, and b 
belonging to the Lignite formation, may not be clearly definable, t 
very seldom wath case. ae te the locally variable charac 










hatte pi tame te and appearance, over the whole western area a of. ; 






interior region, as well as in the typical eastern sections. Pa eon. 
tologically; it is to a great extent a continuation upward of No. 4, and | 
changes it presents! as compared with that division, are mostly th ; 
necessarilly brought about by the shoaling of the waters of th °. 

sea. There also appears to be, in many localities, a second zone of 


















Ms sandstone at about this level in the series, which has sometimes nec 





attached by observers to the base of the Lignite formation, and sometime o: 
to No. 5, and to which Prof. Lesquereux has drawn particular a | 





It is characterized by the abundance of fucoidal remains in many a 

















where he has examined it. It is not always easy to decide at once a 
between these sandstones, and those more closely attached to i ; 
summit of the Cretaceous, nor does the division appear to be one of ys 
| a great importance, as there is no real physical, or great palontologeal 
2 break. In the valley of the Yellowstone, Dr. Hayden describes, “a 

deep reddish-yellow Sandstone resting on the well marked Cretaceous — 
ae rocks which I cannot positively affirm as belon ging to the upper part of 
ss No. 5, or to the lower bed of the Tertiary.” A similar bed is found =: 


holding the same position, high up on the Missouri, and round the rim of 
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a the soe ne where it skirts — Black amps ioe near 


stone, enecnly Qe ey or whitish, a jeanee biases in strachanaiel “4 
as overlying Cretaceous No. 4; and this according to Lesquereux forms : 
all round the mountains, the base of the Lignitic formation. These sand- — 

stones are also described south of the Raton Pass, along the base of the ) . 
Rocky Mountains by Dr, Leconte, as “ formed like an immense terrace, | ie: 
which extends as far south as the valley of the Torejo, and perhaps even Or f a 
the North bank of the Cimarron.” + In the valley of the Arkansas, Dr. 


Hayden mentions as resting on No. 5, a “ thick bed of rusty- -yellow: es oA: 





* Geological Report Yellowstone and Missouri Expedition, p. 58. 
t See Lesquereux U. 8. Geol. Surv, Territ., 1872. p. 321. 
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sandstone,” which is regarded as the lower bed of the Tertiary.* 
ep Though the Cretaceous subdivisions are not well defined in the Southern 
Rocky Mountain region, so much so that it has been said by Hayden, 
that “ if they had first been studied along the base of the mountains only 
from Cheyenne southward, it is very doubtful whether the five distinct 
groups of strata would have been made out,’ yet, even where the lines 
; are thus indefinite No. 5 is clearly represented, and holds the same 
ee relations to the underlying and overlying series that it does on the forty- 
. ninth parallel. The black shales of No. 4 are said to “ pass gradually up 
_ into yellow rusty arenaceous clays which characterize No. 5, and No.5 
passes up into the Lignite Tertiary beds where they can be seen in 
contact, without any well defined line of separation that I could ever 
discover’ + In other localities Dr. Hayden has denominated arenaceous 
layers which seem to occupy the same horizon, “ transition beds.” He 
writes “In various portions of the Laramie Plains, Colorado, Raton 
Hills, &. I have observed between the well defined Cretaceous and 
Tertiary beds, a group of strata composed of thin layers of clay with 
yellow and grey sands and sandstones, which I have called transition 


or beds of passage.” “ There is no proof so far as I have observed in all 
the Western country of non-conformity between the Cretaceous and 
Lower Tertiary beds.”{ Examples might be multiplied, but sufficient 
have been given to illustrate the nature of the junction, and its similarity 
over the broad area explored by the U.S. geologists, and on the forty- 
ninth parallel and northward. 

450. The perfect stratigraphical continuity of the Upper Cretaceous 
and Lignite formation is apparent everywhere. No break occurs from the 
base of No. 4, up-through that division and No. 5, onward through the 
whole thickness of the beds associated with the lignites. The period of 
; the deposition of the Lignite formation, is however, almost everywhere, 
‘ brought definitely to a close by the occurrence of a mountain-making era, 
4 during which a great part of the Rocky Mountains was elevated, and the 
4 succeeding Tertiary beds, when they occur, are frequently found to rest un- 
4 | conformably on the Lignite strata below. One horizon only, in this great 
Upper Cretaceous and Lignitic series, is well marked, and that is fixed as 
definitely as any geological mark of time can be. The yellow arenaceous 
beds of No. 5 are almost everywhere recognizable, and with them the 
lower sandstone of the Lignite formation is at least physically connected. 








* U.S. Geol. Surv. Territ., 1869. p. 50. 
+ Hayden U. S. Geol. Surv. Territ., 1867-69. p. 121. t Ibid., p. 197, 














synchronous with the inception of the Lignite formation, it is valueless — 





_ 451. That the changed physical conditions, and thore: sae 
waters, causing this sandstone deposit, were circumstances simultan 
affecting the whole area in question, and not progressively p 
over it in any direction, appears certain. This is shown by its paleonte 
* logical similarity, and by the fact that while almost immediately suc- 
ceeded by fresh-water conditions in the east, it lies far down aan 
brackish-water and marine fossils in the west. The elevation of the 
continent following the deposition of these sandstones, taking place 
dually, and probably in a somewhat intermittent manner, and 
occasional slight relapses, brought certain areas above the surface in the | 
eastern part of the interior continental region, and also even toward the — 
west, at least as far as to the position of the present Rocky Mounts 
uplift. The sea was not perfectly excluded from the intervening shallovs 

in the east, while in the west, the waters surrounding the low-lying, — a 
forest-clad land, were essentially marine, The eastern area was, however, — 4 | 
soon converted into one characterized by shallow lakes of fresh-water, from _ a 
which the sea was permanently excluded. In and around these, the — E ae 
lignites and associated beds were formed; while westward, and “pen | 
perhaps by no distinct barrier, was a region more or less subject to 
alternations, and mingling of estuarine and marine conditions, but where | 

also the deposition of lignites was taking place i in much the same manner a 
as in the east. Everything seems to favour the belief that the deposit 
was simultaneous, as here indicated. Thus it is, that while the change — nf 
from salt to fresh-water forms, in the eastern area happens to be roughly — 
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. In the eastern region, the change from Cretaceous to Tertiary — a 
life- ruin has been manifestly accelerated by the change of physical con-— 4 
ditions. In the west, a similar acceleration has also obtained, but has — 
not been so great, and while several thousand feet of strata were being a 
deposited, occasional relapses of physical conditions allowed marine | 
forms of Cretaceous aspect to re-appear. The change in type of life on on a 
which a paleontological classification is based, and which the increase an 
knowledge continually tends to show was more uniform and gradual than | 
formerly supposed, is therefore complicated over the interior area of the a ¥ 
continent by a superposed change from marine, through brackish, to 4 
fresh-water conditions ; and this did not take place simultaneously in all Ne < om 
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453. The dividing lines of geology are necessarily to a apes extent — 2 
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ae 
founded on our ignorance, or local knowledge, and had the recognised 
elassification of formations been based on a study of the western interior 
region of North America, it is probable that there would have been no 
on line drawn between Mesozoic, and Tertiary or Cainozoic ; or had there 
h been, it would be placed altogether above the Lignite series, which 


represents, at least in part, the lower Tertiaries of other countries. This 
at least would have been the grand classification founded on great areas, 
and not invalidated by the existence in a few places,—as probably at 

_ Evanston,—of beds of transition upward. If, however, it is desirable 
to draw a line between Cretaceous and Tertiary for the sake of uniform- 

-ity with other and better known regions, and for use as a boundary in 
geological mapping ; no physical non-conformity offering, it becomes 
necessary {o turn to the included organic remains, which might indicate 
the position of some gap otherwise concealed. These we have seen, 
however, do not offer evidence of a very certain tenor; but from it, such 
as it is, our conclusions must be drawn. 


454. The plants and fresh-water molluscs do not appear to be capa- 
ble of rendering much service. The flora of the Dakota group,—the low- 
est of the Cretaceous of this region, and the probable equivalent of the 
lower or grey chalk of Europe—is well represented in some localities, 
but is so essentially modern in type, that it was by competent authorities 
referred to the Miocene period. The distinctive facies of the flora of 
America, seems even then to have been sketched out ; and from this early 
period to the present day, wherever a land surface presented itself, plants 
very similar in appearance, and differing for the most part only specifi- 
cally, were ready to occupy it. No great wave of vegetation of Indian 
and Australian type, like that characteristic of the typical Eocene of 
Europe, seems to have swept over this continent, and thus the plants of 
the American rocks are not strictly comparable with those of the old 
world. They belong to a separate region, the features of which are its 
own, and must be worked out by themselves. 

455. Yet further doubt, however, rests upon the evidence of the 
plants; for Prof. Lesquereux, from a careful comparison of the flora of 
different localities of the newer formations of the interior and western 
regions, is led to a sub-division and arrangement in series of the beds of 
these places, which is in many instances manifestly untenable in the 
face of other evidence. This is especially the case when he includes the 
Placiére coal beds ot New Mexico, and the Nanaimo coals of Vancouver 
Island, from palsophytological reasoning, in the Lower Eocene, The 
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plant beds of the former locality being overlaid by some hundreds*—in 
the latter by several thousand}—feet of beds, with well-marked marine 
Cretaceous forms. Prof. Newberry, also,—as pointed out by Cope,f— 
though so familiar with the plants, is himself obliged to appeal to the 
evidence of the animal remains to fix the age of the deposits ; the plants 
not being sufficiently closely comparable with the European. Nor does 
the wide difference of opinion, with regard to age, of two so able 
paleontologists in this field, tend to inspire confidence in the flora as a 
guide. It would indeed appear, that the Cretaceous and Tertiary floras 
of America and Europe are not yet sufficiently known to enable their 
use as tests of age. The differences established between various locali- 
ties, and thought when only a small area was known to indicate steps in 
a general progress ; now seem to be due, to a great extent, to the replace- 
ment of one flora by another by migration, or to original differences in 
climate or condition, of the various places. 

456. In one respect, however, the plants appear capable of affording 
a useful addition to the evidence. If, as appears probable chiefly from 
their study, a well marked maximum period of warmth was co-incident 
with the early part of the Lignite formation, preceded and followed by 
cooler periods, represented by the Dakota and later Tertiary deposits 
respectively ; it may be possible to correlate this with the warm period 
of the early Eocene in Europe, and thus establish a direct synchronism. 
This carries with it additional probability, now that the possible depend- 
ence of such regular cyclical changes on astronomical causes, has been 
shown. 

457. Fresh-water molluscs, do not usually offer to the paleontologist 
a very safe criterion. They preserve, from their earliest known appear- 
ance, a wonderful similarity in genera and species; and their forms are 
longer lived than those of most animals, and from the nature of the 
shell and its ornamentation, changes which may be specific, are not 
so well defined or clearly recognisable as in marine shells. Specific 
relations, however, when demonstrable are of value, and it would appear 
that such exist between some, at least, of the molluses of the disputed 
beds of the west, and those of the eastern border of the Lignite forma- 
tion, the Tertiary age of which has only been in dispute since it became 
necessary for the preservation of consistency, to include it with the 
former in the Cretaceous. The general facies, however, of the fresh- 
water shells in so far as it may weigh, is certainly Tertiary. 





* Newberry. Am. Journ, Sci. and Arts., 
t Richardson, in Report of Progress Geol, Surv. Canada, 1872-73. 
t U. 8, Geol. Surv. Territ., 1873, p. 443. 
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_ paleontology the most valuable, and from the large area occupied by the 
ocean, the most complete ofany. The able paleontologist who has devoted 
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his attention specially to the study of this line of life forms, in the area 


in question; though assenting to the classification of the disputed beds 


with the Cretaceous, registers his opinion as to the preponderance of 
forms of Tertiary facies. He admits in evidence against these a few 
scattered genera, which in other countries, where the Cretaceous and 
Tertiary are widely separated by physical conditions, have been found 
characteristic of the former. He candidly allows, however, the evidence— 
which, though negative, must be accepted as of some importance—afforded 
by the non-appearance of the Cretaceous Cephalopoda, even in those 
regions where marine conditions have prevailed most extensively. A 
disposition has been shown, to fortify the Cretaceous position of the beds, 
by using the change from marine to fresh, or brackish-water conditions, 
as aline. It has been said, in discussing the age of the rocks of certain 
localities, that no marine Tertiary beds are known. They can evidently 
never be known if all marine beds discovered are affixed to the 
Cretaceous. The non-occurrence of Jnocerami, and other such Cretaceous 
forms, in the base of the Tertiary of a region in which the change took 
place so gradually, would be a matter of surprise. Edward Forbes, and 
Sir Charles Lyell, have long ago pointed out the mingling of such types, 
and Barrande and others have shown it to occur extensively, without 
at all invalidating the general tenor of the record. A certain form, may 
be characteristic of a formation in a given locality, but may not be 
capable of use as a touchstone, in another and widely separated one. 
Prof. Lesquereux has, m>reover, lately shown that the really authentic 
cases of the discovery of Cretaceous molluscs in the Lignite formation, are 
much fewer than had formerly been supposed.* — 

459. To the evidence derived from the vertebrate remains, great 
weight, no doubt, attaches, as must always be the case with that from the 
highest forms of life of any period. The few relics of dinosaurians, and 
other reptiles of Cretaceous type, have really afforded the initial point 
and strongest retreat, of the arguments for the Cretaceous age of the 
formation. If no other facts were forthcoming, a paleontologist, would 


_ with every probability in favour of his classification, place the beds con- 


taining these in the Cretaceous, doing so, as would alone be possible, from 
analogy with other regions. It can hardly be admitted, however, that 








*U. 8. Geol. Surv. Territ., 1873. p. 367, et seq. 
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that of the recurrence of plants and fresh-water molluscs of types 
lar to those of the earlier Cretaceous, depended no doubt, on the - 
terrupted continuance of land areas with similar climatic conditions, 
changes which operated in the comparatively rapid exclusion of sucl 
Cretaceous salt-water molluscs as still lived, from the area in questi 
must have tended to spread and perpetuate the terrestrial fauna and sagt 
and the fact of the extinction of the few remaining dinosaurians, while — 
the conditions continued at least as favourable to their existence as in the i ; 
preceding period, shows that they belonged to a type, gradually succumb- _ 
ing to that decay, which seems to effect not only the individual, but the | 
species and the race. This result may perhaps have been accelerated, as 
suggested by Prof. Cope, by an irruption of mammals from some other 
quarter. | ; 
460. The Cretaceous formation cannot be defined as exactly co-exten-— 
sive with any one form of life, however great its classificatory value may 
be supposed to be ; and no classification, of any natural objects or periods, 
4 k, based on a single structure or law, has proved sufficiently facile to include 
| ~ the facts, when all were known. By the comparison of certain conditions 
now existing, and their accompanying forms of life, with those of the _ 
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Cretaceous, we may in a similar way prove its continuance to the present 
day. The vertebrate fauna, when taken as a whole, is not by any means 

an exclusively Cretaceous one, but includes according to Prof. Cope’s _ Ss 
comparative lists,* both in Colorado and Dakota, some forms elsewhere ¢ 
supposed to be characteristically Tertiary. Of the vertebrate remains : 
found in connection with the lowest beds of this series on the forty-ninth 
parallel, Prof. Cope writes :—“This is a characteristic collection of the 
aa reptiles of the Ft. Union Cretaceous, but with increased admixture of 
yy Rocene forms. Plastomenus is an Kocene genus, but the reference of the _ 
’ new species to it is not final. But you send two Hocene gar scales which 
‘ have every appearance of belonging to the same formation. Will you — 
re-examine your notes to inform me whether they really belong to the — 
same horizon as the others?’} The gar scales referred by Prof. Cope to 
the genus Clastes, were obtained at the very base of the Lignite forma- 






















‘ia * U.S. Geol. Surv. Territ., 1873, p. 433. ¢ 
A t Prof. Cope refers the Green River and Bridger beds, overlying the Lignite formation, to the Eocene. an, 
ary Prof. Cope also says of this collection, in a paper read before the Academy of Natural Sciences, Philadel- Ca 
AG phia :— The list of specics, short as it is, indicates the future discovery of a complete transition from . 
aa Cretaceous to Eocene life more clearly than any yet obtained in the West,” 
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ton, and below the lowest lignite bed. They were not stray s socinions: 
_— but were brought to light in digging out some of the turtle bones in 
_ the Bad Lands south of Wood Mountain (on the horizon marked by an 
asterisk. Plate VII. Fig. 2.) Dinosaurian bones occurred within a few 
feet of them. 

461. It should be remembered in discussing the age of these pean that 
the fossils of No. 5 have been compared with those of the Mestricht, &c., 
of Europe, the Cretaceous position of which has not at all times been 
undisputed, and should any isolated patches of higher beds than the 
Mestricht and associated formations occur, showing even the strict con- 
tinuance of marine conditions; it is to be doubted whether they would 
be referred to the Cretaceous. Dr. Hayden thus writes of the fifth divi- 
sion of the western Cretaceous :—‘‘ We would also remark that a few of 
the forms found in our Fox Hill beds, particularly the Gasteropoda, 
present such close specific affinities to Tertiary shells, that we would 


_ have doubted the propriety of referring them to the Cretaceous epoch, 


were it not for the fact that we find them associated in the same bed 
with Baculites, Ammonites, Scaphites and other Cretaceous genera and 
species.” 

462. The general bearing of the evidence, in so far as it is now known, 
seems in favour of the Eocene Tertiary age of the western Lignite forma- 
tion, though it may not be exactly synchronous with that of Europe; and 
its base is very probably somewhat lower than that of the formation 
in its typical European localities. Taking into consideration, however, the 
acceleration of the extinction of those pelagic forms, on which our defini- 
tions of the Cretaceous period are largely based, by geographical change 
in the area in question, there would seem to be no impropriety in allow- 
ing a great part of the strata to be called beds of transition. I am also of 
opinion, that further and more complete investigation of these rocks of 
disputed age, instead of indicating more precisely any line between the 
Mesozoic and Cainozoic of the interior region of North America, will 
tend to show the overlap of life forms of different type to be more and 
more complete, and the sequence more perfectly uniform. It will also 
probably be found, over this area, that the rocks of many different localities, 
with more or less distinct organic remains, now considered as representing 
the life of separated periods in a linear succession, may be found by the 
mingling of the fauna and flora in other localities,as the area of study 





* Geological Report Yellowstone and Missouri Expedition, p 26, 
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extends, to be more or less nearly contemporaneous. From these very 
circumstances, the exploration of these beds acquires an additional 
importance, and may yet be found to throw much light not only on 
geological, but on biological classification. 

463. The position of the Lignite-bearing formation as a whole, is in 
fact such, that even allowing the classifactory importance of the included 
Cretaceous forms, an observer beginning his stuty of the beds on their 
eastern margin, and proceeding westward, as Dr. Hayden has done; - 
would be completely justified in placing the whole series, at least down 
to the top of Cretaceous No. 5, in the Tertiary ; while a geologist familiar 
in the first instance with the fossils of the underlying Cretaceous forma-. 
tions, and following the Lignite strata eastward from their appearance in 
the Rocky Mountains, would in all probability include the whole series in 
the upward extension of the Cretaceous, though doubts might begin to 
assail him before he reached the upper, or most eastern beds. 

464. Should it be desirable, however, to draw a line in this region, it 
seems to me from a careful consideration of the facts which have come 
under my own observation, and the evidence adduced from other local- 
ities; that it can only be placed above the sandstones of No. 5. Above 
this zone the characteristic Cretaceous Cephalopoda are found rarely, if 
at all, and here lies the only physical circumstance which can be used 
in the delineation of the formations on amap. From its universality, 
and the prominent effect it sometimes has on the surface of the country, 
it seems particularly well suited for the purpose. It has therefore been 
adopted as representing the summit of the Cretaceous in the maps accom- 
panying this Report, and the beds overlying it have been referred to 
throughout as the Lignite Tertiary. 
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GLACIAL PHENOMENA AND SUPERFICIAL DEPOSITS. 


GLACIATION AND SUPERFICIAL Deposits, LAKE oF THE Woops—The lake-basin— 
Depth of the lake—Direction of glacial striation—Superposed striation in 
‘different directions—Special instances of glaciation—Pre-glacial age of outfall 
of lake—Distribution of boulders—Upper Silurian limestone boulders with 
fossils—N. E. limit of limestone drift—Methods of accounting for limestone 
drift—DRirr PLATEAU OF EASTERN MANITOBA AND NORTHERN MINNESOTA— 
Kames and Eskers—N. W. limit of red drift—Height and contour of the 
plateau—Sections on Roseau River—GENERAL FEATURES OF GLACIAL PHE- 
NOMENA E. oF Rep RiIvER—Elevation and slope of the Laurentian axis— 
Confluent glacier covering the Laurentian region—Former southern outfall of 
Lake of the Woods—Drirr DeEposirs OF THE SECOND PRAIRIE PLATEAU, 
AND TuRTLE Mountain — Surface of the plateau — Terraces of Pembina 
Escarpment—Sections on Long River —Numerical analysis of constituents of 
the drift—Turtle Mountain—Boulder covered region—MARGIN AND EASTERN 
REGION oF THE T'HIRD PLATEAU—The Missouri Coteau—Ancient river valleys 
—Erratics of the Coteau—Quartzite drift. 


Glacial Phenomena and Superficial Deposits, Lake of the Woods. 


465. The general form of the lake has already been noticed 
(§ 37). It consists of two chief parts—Clear-water Lake to the north, 
and Sand-hill Lake to the south. The basin of the former may be said 
to be excavated entirely in rocks of so-called Huronian age. Sandy or 
gravelly beaches are exceptional, and, as a rule, the rock dips rapidly 
below the surface of the water, and shows wherever exposed, the rounded 


forms due to ice action. This northern part of the lake is also deep, and 


with regard to its form and extent, it may be considered to have remained 
exactly as it now is, since the glacial period. The southern and larger 
part of the lake, properly called Sand-hill Lake, washes bare Laurentian 
rocks along its northern edge, while the whole of its southern and south- 
western margin, is formed of sand and detrital matter, and sweeps round 
in large gently rounded bays, very different from the narrow, irregular 
passages of the north. This southern part of the lake is also compara- 
tively shallow, and perpetually extending its border southward and 
westward, among the swamps, sand-hills and lagoons by which it is there 
surrounded, and spreading detritus thus obtained over its bed. The 
evidence of this is everywhere apparent along its southern margin, 
where tamarack swamps are in some places being so rapidly encroached 
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on, that the trees may be seen along the shore bending forrest ‘at a ar) 
angle and falling into the lake. Some parts of the shore, have in this 
way become surrounded by an almost impassable belt of tangled : 
waterworn trunks énd branches. The water of the southern part o 
lake is turbid from the wash of the waves on the soft shores, and m 
brought down by Rainy River ; giving rise to a formation of deposi 
sand and clay now going on over the greater part of its bed. Befo 
the vihopee in its slow edn 3 northward, sib ig: narrow 4 


receive any from the rocky shores ny which Clear-Water Take is rou 

The deposit forming here, as shown by soundings, is a fine slimy ooze, a 

- which is composed in great part of the shells of Diatomacex with spicules — ae 

of Spongilla and organic matter. The lake is thus an interesting example — Ave? a 

of contemporaneous deposits of two entirely dissimilar kinds, taking 

place in different parts of the same sheet of water. | , ay a + 
466. The deepest soundings found in Clear-Water Lake, were rs, a : 

its extreme northern end, and near where the waters begin to collect — a Bo), 

themselves for their fall at Rat Portage, and show a considerable current — 

in that direction. The following depths were observed at intervals from 

that place southward to the North-west Angle Inlet, the soundings being 

taken generally in mid channel between the islands. The nee 

given in feet :— 


Rat Portage. 


The bottom of the lake is generally flat, and deep water lies close ie Fe 4 
shore. — | 
467. The outline of the lake follows very closely the shariphaghes 

character of the rock, spreading out where the schistose, and thinly cleav- 
able varieties predominate, and becoming narrow and tortuous when the 
shores are composed of compact dioritic rocks, greenstone conglo- — % 


merates, and gneiss. The laminated schist, and thin-bedded slates, offer - 


little resistance to weathering, and even since the glacial period have | a 


been much broken down and shattered, in many parts of the lake, giving a 


¥ 


a peculiar character to the shore. The same rock, however, would, in its ‘ Ae 
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present vertical position, offer a much greater resistance to mechanical 
_ violence; and before its layers had been widened by frost and weather, 


‘i would support pressure and abrasion at right angles to its original 


bedding, almost as well as the most solid rock. So far as it goes, 
then, the close connection of the bed of the lake with the slaty rocks, 


' would tend to show that it had been deeply outlined by sub-aerial weather- 


ing, before being subjected to glacial action. All the harder rocks of the 
region still show with the utmost perfection the scratching and grooving 
of the glacial period, and some of the more compact granites and 
intrusive diorites, retain a surface still perfectly bright and polished. 
Though the general direction of the northern part of the lake closely 
follows that of the ice action, its form is probably due in the main to the 
strike of the rocks, which is parallel to its greatest diameter. Still, on a 
small scale, even the hardest and most homogeneous of the rocks show a 
tendency in the longest axis of their elevations, to parallelism with the 
glacial groovings. 

468. The following table, shows the directions of glacial striez 
observed on the rocks in the various parts of the lake, the bearings being 
magnetic.* The directions connected by a bracket, were observed to 
occur together on the same rock sui face :— 





N. W. Angle Inlet. Bigsby Island. 

Place. ‘Direction. Place. Direction. 
McKay Island....S 48°W to S 50° W SG OME (OF. fs as se yee 5 S 27° W 
mmckene stan... S. 2... S 35° W FE TEL ie ce ayes os SoS S 30° W 
MIC is d0d cinder SG prs a a9 S 39° W SP ake siee he EP EET Tey: S 20° W 

Wem pike. Obid oxig fared «xe a bd 
Southward from N. W. Angle Inlet Oy oe S 23° W 
ee ES ae mn eM RMS: ot i oe lk ae x S87 W 
WPAN? Sa ele mere Vin Aes « S 27° W Middle Island 
ART icy) tes aria Bae W.. || Bast! aide) of. 2... 0000004: S 5° W 
tat ad ee Pe eee ee 8 13° W 
Southern Promonitory. | SIAM OR sn a is ors oe S 25° W 
( S 23° W | North Island 
coal ake | Upp 2S SI DOP ena Cer 8 30° W 
Sor Ww. | 
S20°9E | North Shore Sand-hill Lake, District of 
S55°Ww Shebashea 
ce Wh gE Aenea S 25° W 
OAc laa EPS DALE B ey 8S 40° W 
N. of Rainy River (Mainland.) 7 TF Eee " E rie ~ 
S 12° W ee) DS eee eis S 25° W 
8S 30° W carne sr pb inte Bia nine S 20° W 
S 20° W ae TR aciots ba oe S 25° W 
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Place. Direction. | Place. 


Northward from N. W. Angle to Rat | 
Portage. 


conome Bo 6 6 © @ © @ te 











3: ts Stee S32 W- | A PY 


5a! Biya baa ie ate S 48° W 
Dy ds ukta dias 2 . § 40° W Rat’ Portage, 2005 3's. .0l.a8 

TR ER S 38° W Rat Portage Fall.......... $8 138° W 
NRE he iat cho S 35° W (Winnipeg side)........... S$ 16° W 











saatalied hag: Wiecie ete S 53° W aru 


469. It will be observed from the above table, and on reference to the 
map, that the direction of glaciation is very constantly from the north- 
east and north-north-east, and only appears to suffer occasional slight 
deflections when brought in contact with masses of resistant rock run- 
ning athwart its course. In the vicinity of Lacrosse Island, the grooves 
shuw more westing than they do northward of that place to Rat Portage. 
Between Ka-ka-ke-wabec and Picture-rock Point, a well-marked westward 
deflection takes place, the ice appearing to have been crowded off the high — 
rocky land to the south. The pressure exerted by the ice in this neighbour- 
hood, as it forced its way among the rocky islands and channels, has 
been exceptionally severe. South of this, the grooving resumes its nor- 
mal direction, but at the mouth of the Angle Inlet again takes a marked 
sweep westward, toward the low-lying country in that direction, and 
away from the high rocky islands. The ice, as it has passed down over 
the rocks forming the north shore of Sand-hill Lake, has left remarkably 
uniform traces. Southward, among the islands, the ice appears to have 
turned a little from the west. The south end of Bigsby Island, shows a 
convergence of directions, as though ice coming from the eastern and 
western divisions of the lake had met at an acute angle, and overridden it 
to form a junction. The glaciation here also is very severe 

470. At two places on the west shore of this island, glaciation in the 
ordinary direction, which gives form to the rock masses, was observed to 
be superinscribed with coarser scratches, nearly east and west in diree- 
tion, Onasmall area of granite and greenstone rock, forming the N. E. 
point of the southern promonotary of the lake, a remarkable series of striz 


exist. The most important direction, and that with which the form of 








Plan. 





a 
Section on line 





Figure 1—Glacial striation crossing a pre-formed 
hollow. (§ 471.) 





Figure 2— Perched blocks. (§ 476 ) 





Figure 3—Glaciation of a point, indicating lateral pressure. (§ 471.) a, 
| elevation. 0, sectional elevation in a plane at right angles to a. 
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the rock coincides, is S. 23° W.; superimposed on which, at one place, are 


scratches S. 55° W., or N. 55° E. Near this a direction of S. 60° W., 
or N. 60° E. is seen, on which is superimposed striation 8. 25° W., a 


direction closely agreeing with the general one, and probably indicating 
_a brief resumption of the original force after a short interval. Another 


surface showed scratches 8. 20° E., or N. 20° W. A part of this marking 


‘may be accounted for by the packing of ice on the shores of this open 


reach of the lake, but much of it is not of this nature, and appears to 
indicate the combined action of glacier and floating ice in the lower part 


_of the region, toward the close of the glacial epoch. 


471. On the eastern side of Flag Island, a small point composed of 
hard hornblendic rock, was observed to have its nearly perpendicular 
eastern front planed off perfectly smooth, and beautifully striated and 
polished, while its summit was only gently rounded, and showed com- 
paratively little evidence of glaciation, and its southern front remained 
rough; the whole evidencing a strong movement of propulsion from 
the north, and intense local and lateral pressure. (Plate X., Fig. 3.) 
Not far south of this, on a surface of granitoid gneiss, the ice action was 


seen to have shaped and rounded previously existing asperities of the 


rock without obliterating them. One instance was especially remark- 
able, a little hollow in the rock, obliquely transverse to the general 
direction of the force, had originally a sloping northern and perpen- 
dicular south-western side. The ice had not touched the weathered 
surface of the former, while it had bevelled off and polished the latter in 
the most perfect manner. Such phenomena as this, appear to show 


great preponderance of onward movement over downward pressure 


in the action of the ice. (Plate X., Fig. 1.) 

472. The passages by which the lake finds its way over the junction 
of the Laurentian and green slate series to the Winnipeg River, do not 
depend on any evident conformation of the rocks. They cut across the 
hard ridge which marks the position of the fault bringing these forma- 
tions together, nearly at right angles, and in a direction a few degrees 
west of north. They are probably due to some fault or crack structure 
traversing the rocks with that bearing, a course which agrees almost 
exactly with that of the fracture containing the large intrusive diorite of 
the south end of Lacrosse Island (§ 84), and may tend to prove some con- 
nection between it and the similar rock which appears near the line of 
junction at Rat Portage. The gorge of the fall is certainly pre-glacial in 
date, and has probably arisen from subaerial weathering along some such 







line of weakness. The glacial striae cross over it obliquely, at an 

about 30° with its directiov, and the ice has had wonderfully littl 

on its shape, having succeeded only in rounding off somewhat the es 
angles of the cliffs. Nor has the river had much effect on the rocks, 
they still retain their rounded aspect and show ice  striation almos 
everywhere. “et be. 


473. The distribution of boulders and iguiellod material in the IL 
of the Woods region, is worthy of some attention. The whole southe 
part of Sand-hill Lake is characterized by the abundance of fragments ¢ Of, ae 
limestone, in association with boulders of rocks represented in the nor h . tr 
ern part of this division of the lake, and in Clear-water Lake, ‘Dr. aa 
Bigsby in his paper already referred to¥ gives reasons for believing — ; 
that a deposit of limestone of Upper Silurian Age, overlaps the meta- ; 
morphic series in the southern part of the lake, and though I have - 
been unable to confirm this idea by the discovery of any of the rock se 
in situ, there is considerable evidence tending to show that his suppo- | 


~ 
a 
. . Tee 
position may be correct. At Driftwood Point, five and three quarter Pit 
; i 


miles south of Flag Island, the gravel of the shore is largely composed of 


compact limestone in small fragments. From this place to Reed Riven ; a. 


Bay, many large Laurentian boulders stand on the shallows far outin the — 
Lake, and much of the shore-gravel is of limestone. In the north-eastern — 
angle of the Bay, in many places, about one half d the gravel of the shore — 
appears to be of the same limestone. | 

474. A mile north of Reed River, a dry point projects from the 
general tamarack swamp ofthe shore, and consists almost entirely of 
boulders and gravel. The greater part of the material is Laurentian, the 
boulders being of granite, gneiss, mica-schist, &c., precisely similar to that 
seen to the north, and from the size of pebbles to six and eight feet long. 
Next in numerical importance are the limestone boulders. None of these 
are so large as some of the Laurentian, but this may arise only from the — 
fissile character of the rock, and the manner in which it is affected by 
frost, nearly all being angular and chip-like fragments. The stone is — S 
hard and compact, more or less concretionary in aspect, often cherty, and | 
giving fire under the hammer. Its colour is greyish-drab, to cream-white, 
and yellowish or reddish, on fresh fracture; weathering to pure white. The 
weather also forms small reniform hollows in it, and in many specimens 
gives rise to a minutely pitted structure. From the limestones of this’ 
locality, and fragments of the same rock found west of the Lake of the 


* Also in a paper on the Erratics of Canada, Journ. Geol. Soc., 1851, 


¢ 
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Woods, a few fossils were obtained. ‘They are not ina very good state of 
preservation, but the following genera are recognizable. Strophomena, 
Pentamerus, Leperditia, Favosites, Stromatopora ; also a few specimens 
of cyathophylloid corals, and discs of encrinal columns. Mr. Billings, 
of the Geological Survey, who has kindly examined these fossils, 
pronounces them to be Upper Silurian forms, though not sufficiently 
“distinct for specific determination. Dr. Bigsby gives the following list 
of fossils from the limestone, as determined for him by My. Salter. A 
small Phacops ; Orthoceras, Favosites Gothlandica, Cyathophyllum, Murchi- 
sonia, Pentamerus Knightii, Leptena, Avicula, <Atrypa, Spirifer. He 
probably enjoyed a better opportunity for the examination of the rocks, 
from the low stage of the water at the time of his visit, and speaks 
of masses ten to fifteen feet broad, and three deep, which though 
cracked and fissured, appear to him to be fixed.* 

475. Least in numerical importance, at the point above referred to, 
are the boulders of Huronian origin, from the region of Clear-Water 
Lake ; consisting of indurated slates, dioritic and epidotic rocks, and 
coarse greenstone-breccia of the kind already described, and with frag- 
ments from four to six inches in diameter. On the shore, in the wash of 
the waves, a fine yellow-white plastic clay is exposed, which may perhaps 
be the representative of the boulder-clay ofthe glacial period. It contains 
much calcareous matter, effervesing strongly with an acid. Some of the 
boulders in this locality show traces of glaciation. 

476. A mile south of Reed River, a second similar point occurs, 
where a ridge with an apparently southern course, comes out on the 
shore. It is covered with boulders in a similar way to the last, and they _ 
occur in about the same relative proportion. Off Buffalo point, which 
separates Reed River and Muskeg Bays, a good many large boulders 
stand up out of the water, and the shore is gravelly, and shows a con- 
siderable quantity of limestone debris. The north-east point of the 
southern promontory of the lake, is heavily glaciated, and shows many 
boulders of Laurentian, some of them forming fine perched blocks. One 
of these, of red granite, and actually lying in the grooves it had made, was 
found to to be eleven feet long by seven feet high. (Plate X., Fig. 2.) 
For several miles south-east of this place, sthe border of the lake is 
moderately high, and whenever exposed, shows whitish-yellow finely 
laminated clay, which contains many pebbles, especially of limestone, 
EES ESS REE he 


* Journ. Geol. Sov., vol. vill. p. 405, 
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and appears to be rather a former lacustrine deposit, than the represen- 

tative of the boulder-clay. It is highly calcareous throughout, but did 
not yield any traces of organic remains even when microscopically 
examined. The sand spit opposite the mouth of Rainy River, called Oak 
Point, or Pointe du Chéne, shows much limestone detritus in the form of 
gravel and sand. A few miles north of Rainy River, near Windy Point, | 
several boulders of limestone occur among others of crystalline rocks. 
They become honeycombed on weathering, in a manner somewhat 
different from any before seen. On the southern shore of Bigsby Island 
many boulders occur. They are mostly of Laurentian rocks, but some 
of the honeycombed limestone appear, and one was observed of a species 
of limestone breccia, with yellowish-white pebbles in a reddish paste. 
Near the northern end of this island, a clay bank about ten feet hi; 
forms the shore for some distance, the clay being hard, w! ere 
unweathered, grey in colour, and having traces of stratification. It 
resembles in constitution the other clays examined, effervescing 
strongly with an acid; and holds small boulders, and gravel, some of 
the latter being of limestone. A single limestone boulder was even as 
far north as the north end of this island. The limestone-breccia boulder 
above described, coincides exactly with a rock which Dr. Bigsby mentions 
as occurring on Rainy River not far from its mouth (§ 47.) 

477. It would thus appear, that a line drawn through Driftwood 
Point and running south-eastward to near the position of Windy Point, 
would have to the south west of it a region of abundant limestone debris ; 
while though a careful examination was made to the north—with the 
exception of two or three boulders near Bigsby Island—not a single frag- 
ment of limestone was found. (See Map Lake of Woods). This line, 
furthermore, runs in a direction almost exactly at right angles to the 
prevalent one of the glaciation. The distribution of the debris taken 
together with the direction of the glacial groovings, and the known courses 
of other erratics, would seem to indicate the existence of a limestone 
flooring to the southern part of the lake, which in this case must have 
overlapped unconformably the older metamorphic strata; but may have 
been in great measure removed, before, and during the glacial period. 
No outlyers of the limestone were however found, and I do not-know of 
any unvisited locality in which such may yet be looked for, with the 
exception of Garden or Cornfield Island, which I was unable to reach, and 
which lies low and flat as seen from a distance. 


478. Two other modes of accounting for the appearance and distri- 
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bution of the limestone debris appear to offer. Icebergs, at some time 
during the glacial period, may have passed southward over the Lauren- 
tian watershed to the north-east, bearing with them fragments from the 
limestone formations of Hudson’s Bay. In this case, it would be neces- 
sary alsg *to suppose a subsequent developement of glaciers on the 
watershed itself, sufficient to remove this older debris to the south, 
as indicated by its position; and there is no sign of a heaping up of 
moraine matter, such as might be expected under these circumstances. 
It is also possible, that at a certain period of submergence of the region, 
ice may have floated eastward, over what is now an expanse of drift and 
detritus, and carried blocks from the Red River and Winnipeg districts, 
where, though no beds of Upper Silurian age are yet known, rocks of 
the Lower Silurian and Devonian are found. This appears to be the 
more probable supposition, as other evidence seems also to point in the 
direction of a south-eastern drift in this region, toward the close of the 
glacial period. Whether, however, it be conceded or not, that the lime- 
stone fragments of the southern part of the lake, are derived from lime- 
stone immediately underlying, it is probable from the general contour of 
the region, that Silurian or Devonian rocks overlap the older formations 
about this place. 

479. The boulders of the northern part of the lake, are exclusively 
derived from Laureutian and Huronion rocks. They are generally accu- 
mulated on the south sides of the islands, which are apt to show bare 
rocky shores to the north. The same is true on a greater scale, with 
regard to their distribution in the region generally, the northern shore 
of Sand-hill Lake, being much encumbered with boulders. About thirty 
miles eastward from the North-west Angle, where the shore is sheltered, 
occasional patches of an old terrace, ten to fifteen feet above the 
present water-level of the lake, are seen both on the main shore, and on 
the southern ends of islands. It is composed of gravel and small 
boulders, and may probably be the littoral representative of the 
terraces of clay and finer material occurring in the south. A clay quite 
similar to that seen in the southern part of the lake, appears underlying 
several feet of sand, in a deep ditch at the side of the Winnipeg Road, a 
few miles from the North-west Angle, and not far above the level of the 
lake. It is rather hard, yellowish-grey in colour, thin-bedded, and mingled 
with very fine sand. The boulders and erratic blocks of Clear-water 
Lake, are also entirely Laurentian and Huronian ; granite, gneiss, diorite, 


eS 
and greenstone conglomerate being most abundant, 
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480. The boulders observed on the road from the North-west Angle 
to Winnipeg, were nearly all of the usual Laurentian materials. On the 
west side of the watershed, some boulders of limestone appear, and much 
of the gravel seen in banks is also of this material. It would segm that 
the edge of the limestone of the Red River basin cannot here be far 
below the surface. | 


Drift Plateau of Eastern Manitoba and Northern Minnesota. 


481. From the above descriptions of the superficial deposits of the 
Lake of the Woods, it will be seen that those answering to the boulder 
clay, properly so called, comparatively seldom appear, being covered for 
the most part by more modern accumulations, either those of a later period 
of the drift, or those produced by the lake itself, while standing at a 
higher level than at present. Southward and westward, from the Lake 
of the Woods, the country is studded with innumerable small lakes and 
swamps, which have formerly been more important, and the compar- 
atively modern deposits of which, cover the more ancient glacial debris. 
The northern part of Minnesota, and the country immediately west of 
Lake of the Woods, may be represented as a great high-level plateau of 
drift materials, banked up on the sloping spurs of the rocky Laurentian 
region to the north, and covering, often to a very great depth, its old 
irregularities. It may also be considered broadly as forming the eastern 
representative of the second prairie steppe, as it stands at about the level 
which that plateau would have, were its gradual eastern slope continued 
thus far. 

482. The surface of this plateau, though frequently irregular in 
detail, and covered with banks and ridges of sand and gravel of the 


’ 


nature of “ Kames” and “ Eskers,” is, on the whole, remarkably uniform. 
A section along the forty-ninth parallel, from the ridge bounding the 
alluvial valley of the Red River to the east, to the Lake of the Woods—a 
distance of 77 miles—shows slopes which are so extremely gentle, as to 
be almost imperceptible; the total general westward fall of the surface in 
that distance, being only about 90 feet. An examination of the profile of 
the Northern Pacific Railway, from Duluth, to Morehead on the Red 


River, 160 miles further south,* shows the nature of the southern exten- | 


sion of this plateau, which is here the birth-place of tributaries of the Red 
River, the Mississippi and the St. Lawrence. . Rising pretty rapidly from 








* See First Annual Report, Geol. Surv, Minn,, 1873. Prof. N. H. Winchell. 
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the shore of Lake Superior, the summit of the plateau is reached, and 
the same leyel maintained, with an extreme variation in altitude of not 
much more than 200 feet, for 250 miles westward, when a compara- 
tively rapid descent is made to the Red River Valley. As in the northern 
region of the plateau, the surface is covered, to a great extent, with lake 
and swamp, but the railway cuttings give occasional opportunities for the 
study of the underlying drift deposits. Near the western edge of the 
plateau, at Thomson Junction; green slaty rocks, apparently Huronian, 
project above the drift deposits, but beyond this point the underlying 
rocks are nowhere visible. The cuttings, which are chiefly through 
banks more or less closely resembling eskers, show sandy and gravelly 
material, generally stratified, and not so much of the nature of till or 
boulder clay, as of beds resulting from its re-arrangement, in shallow, 
rapidly moving waters. 

483. A line drawn north-east and south-west, nearly parallel with 
the north-western shore of Lake Superior, but lying a short distance back 
from it, and cutting the Northern Pacific Railway some miles west of 
Thomson, in this part of Minnesota separates superficial deposits of 
different aspects. North-west of this line, the prevailing tint of the drift 
material is pale yellowish-grey, or drab; south-east of it, reddish tints 
are almost universal, and become specially prominent on the northern 
part of the line of the Lake Superior and Mississippi Railway, and continue 
to St. Paul. The junction of these two varieties of drift, cannot of course 
be exactly defined, but is interesting as an indication of the direction of 
transport of material in this region; the reddish matter being derived 
from the red rocks of the lake shore.* 

484, The average heizht of the Plateau above the sea, on the line of 
the Northern Pacific Railway, may be estimated at about 1,350 feet. 
Where crossed by the forty-ninth parallel, it has a gemeral altitude of 
rather under 1,000 feet, showing a decline northward. The highest part 
of the plateau appears, however, to lie about midway between the Lake 
of the Woods and the line of the Northern Pacific, the elevation of the 
sources of the Mississippi being, according to Nicollet, at an altitude of 
1,680 feet. 








*The junction of the red drift of Lake Superior with the lighter-coloured western material, of 
northern Minnesota, has, I find, been already noted by Whittlesey, in his valuable memoir on the “‘ Fresh 
water Glacial Drift of the North-western States.” (1864.) ‘‘In descending the St. Louis River, the ash- 
coloured drift clay of the Embarras and Savannah rivers, assumes a more purple hue near the mouth of 
the Savannah.. The purple graduates into red, between this point and the Knife Rapids, and becomes 
entirely red on the Grand Portage. The red extends along the shores of Lake Superior to St. Mary’s 
and to Lake Huron. It is found on all the tributaries of Lake Superior which flow into it from the south 
up to their sources, and beyond the summit, on the streams that run southerly into Lake Michigan.” p. 9, 
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485. The most instructive sections of this great plateau were, 
however, observed on the Roseau River, which rising a few miles west- 
ward of the Lake of the Woods and approximately following the forty- 
ninth parallel, though sometimes dipping to the south, finally flows into 
the Red River, north of the Line. From the eastern edge of the plateau 
where it fronts on the Red River Prairie, for about twenty-five miles 
eastward, high cliftlike banks with good sections, frequently overlook 
the stream. In their general character they all agree more or less 
closely, and the sections often present features almost identical for long 
distances. The lowest beds are of very fine sand, and arenaceous clay, 
often quite plastic. These generally show irregular and current bedding, 
and do not include large stones or boulders. Above these beds, and 
resting on their denuded edges, lie coarser horizontal deposits of rounded 
pebbles, and small boulders, chiefly of white limestone, and apparently 
indicating littoral conditions ; which as the country slopes gently west- 
ward, must have passed over it in that direction, as the former great lake 
of the Red River Valley grew smaller. Above these gravel beds, yellowish, 
or white, clean, fine sand, several feet in thickness, is very generally 


found ; over which is a second pebble-bed, the fragments generally of 


limestone, and smaller and better rounded than in the lower. On this 
rests the present soil, usually from one, to two, or three feet in 
thickness, and coloured with vegetable matter. 

486. Some sections showed near the water’s edge, clay beds filled 
with stones, which though not well exposed, probably represent the 
boulder-clay proper. From it must be derived a great part of the large 
boulders which so encumber the course of the stream. The false-bedded 
sands, and associated clays, thus seem to intervene between the boulder 
clay and the littoral lake deposits, and appear to indicate moderately deep 
water, with str®ag currents, but as a rule without ice. Careful search 
was made for organic remains, but with little success. Not a single 
Molluse of any kind was discovered, but one section showed a con- 
siderable quantity of carbonaceous and peaty matter along the irregular 
deposition planes of the sand, and about thirty feet from the top of the 
bank, a decayed tree trunk stood out. The wood is soft and crumbling, 
and stained yellow by oxide of iron, but from its microscopic characters 
appears to be a fragment of the ordinary cedar. (Thuja occidentalis.) 

487. Figures 1 and 2 Plate XI, illustrate the nature of the drift and 
superficial deposits of the plateau in this region. Section 1, is remarkable 
for the great thickness of the first gravel bed, and the large sized 
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boulders imbedded in it. Section 2, is from a point about twenty miles 
east of Red River, and is a good typical one. The lower irregularly 
bedded series, was here composed of yellowish-grey, fine arenaceous clay, 
so hard as to form a perfectly perpendicular front ; and where it had been 
undermined by the water, it had fallen down and actually separated into 
slab-like masses, along the planes of bedding, like a soft sandstone. 

488. About seven miles above Roseau Lake, on the East Roseau 


River, a little section showing the former extension of the waters of the 


lake, and their gradual recession, was observed. The lower layers aie of 
yellowish-white, fine, arenaceous clay, like that forming in the beds of the 
present lakes. - Above this, lay about a foot of laminated peaty matter, 
showing the swamp or ‘“muskeg” stage, and then about two feet of 
coarser arenaceous clay, forming the present soil, and indicating the de- 
position of matter still going on from the occasional overflow of the river. 
A similar series of events, is slowly taking place over the whole of this 
flooded region of the drift plateau, as the streams draining the lakes cut 
down their beds ; and lakes and swamps in every stage can be found. 

489. Forty miles northward of the Roseau River, where crossed by 
the road connecting Winnipeg and the North-west Angle of the Lake of 
the Woods, the drift plateau appears to retain much the same structure 
and altitude. It is, however, much less uniformly covered with swamps 
and lakes, the flooded region being confined more closely to the vicinity 
of the actual watershed. 

490. The surface of the plateau, is very generally strewn with a 
profusion of erratics, and some of them are of great size. They are 
chiefly derived from the Laurentian and Huronian to the north, but 
there are also many of white limestone, with regard to the origin of 
which the remarks mace in connection with the part of the district more 
immediately surrounding the Lake of the Woods, will apply. 


General feutures of Glacial Phenomena East of the Red River. 


491. The rocks of the Lake of the Woods region, lying on the south- 
western side of the great Laurentian watershed, follow in their contour 
its general direction of slope. The bare rocky hills forming the northern 
shore of Sand-hill Lake, seem seldom to exceed 150 feet in height, and 
the average level of the country, as seen from the lake, probably falls 
below 100 feet. The rocky substratum of the region, slopes away 
gradually toward the south-west, till in the southern part of the lake, 
but one or two, low, rounded masses, rise at all above the level of the 
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water. It may thus be safely assumed that the general fall of the surface 
of the rock ; from the northern to the southern part of the region covered 
by this portion of the lake, is pretty nearly 100 feet. The distance by 
the direct course of the glacial striation is about thirty miles, and the 
resulting general slope of the country would be somewhat less than 3°5 
feet to the mile. The general height of the Laurentian watershed, where- 
ever it has been ascertained, is extremely uniform, and the slope so gradual 
that it does not merit the designation of a mountain region, but rather 
may be called a rocky plateau. The average elevation above the sea, 
according to Sir William Logan, may be estimated at 1,500 to 1,600 
feet.* where crossed by Prof. Bell, between Lake Superior and Hudson’s 
Bay, it is only 1,200 feet. The southern extension of the watershed, 
passing between Lake Superior and Lake of the Woods, is estimated by 
Palliser at 1,500 feet. North-east of the Lake of the Woods, the water- 
shed region is but little known, but near Lac Seul, which closely corres- 
ponds with the direction required by glaciation, according to Mr. 
Selwyn’s measurements it cannot be over 1,400 feet. The summit of 
this great watershed, lies at from 200 to 250 miles north-eastward of the 
lake, and the glaciation is pretty nearly at right angles to its general 
direction. Estimating the maximum height of the watershed at 1,600, 
and the elevation of the lake at 1,000 feet, a general slope of about three 
feet per mile results, and nearly coincides with that ascertained on a 
smaller scale in the Lake of the Woods district itself. 

492. This rate of descent is scarcely sufficient to account for the sponta- 
neous descent of an ordinary glacier, over a country which Sir W. Logan has 
well characterized as “ mammillated,” yet the surface is heavily marked by 
glacier action, and the supposition of the existence of many local glaciers, 
is negatived by the extreme uniformity of the striation. If icebergs and 
floating ice, be called in to account for the facts, the difficulties appear 
even more insuperable. To give rise to such heavy parallel marking, it 
would be necessary to suppose ice moving under the influence of a 
determinate current, which must have crossed the watershed to the 
north-east. Icebergs having passed over this ridge, would in their 
subsequent course float gradually into deeper water, acting on the rocks 
very feebly if at all; the more so, as in their southern journey they 
would no doubt be continually decreasing in size. Two suppositions 
only, remain ; either the glaciation was accomplished by the irresistable 





movement of a great polar ice-cap,—such as has been considered a neces- 


UE 


* Geology of Canada, p. 5. 
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sary agent by some geologists—or the Laurentian axis was occupied at 
one time by a great confluent glacier, pressed outward mainly by its own 
weight and mass, and directed only, by the pre-existing inclination. 
Having met with no evidence of the former, I prefer to account for the 
facts on the latter hypothesis, which will receive more extended notice on 
a subsequent page. 

493. The general contour of the country surrounding the Lake of 
the Woods, and its position with regard to the watershed, and axis of 
Laurentian elevation, seem to show that the direction of drainage has not 
always been as at present. The initial cause of the Lake of the 
Woods basin, has no doubt been the occurrence of an area of softer 
Huronian rocks, among the Laurentian; and the rocky surface as 
already shown, sinks gradually but persistently away to the southward 
and westward, and in that direction, soon becomes buried under a 
vast accumulation of drift and alluvial deposits. It is probable from the 
conformation of the country, that were the drift deposits now blocking up 
the southern part of the lake removed, its waters would flow southward, 
in conformity with its general, primary inclination. The watershed 


between the lake and the Red River Valley, lies close to the former, and 


has an average height of perhaps not over thirty feet, the summit being 
occupied by great muskegs. Sections were seen on the Kast Roseau River, 
not twenty miles west of the southern part of the lake, which showed 
nothing but sand and detrital matter, to far belew the level of its waters. 
Supposing then the absence of this drift material, the small streams now 
running into the northern part of the lake, would flow southward, along 
the belt of softer Huronian rocks, forming a valley; and toward the south- 
ern part of the region now occupied by the lake, must have joined the 
larger stream of Rainy River, and then flowed south-westward through 
the northern part of Minnesota, toward the valley of the Red River, 
which—as elsewhere stated,—may very probably at this time have passed 
southward into the representative of the Mississippi of to-day. 

494. During the glacial subsidence, the great deposits of sand and 
clay were formed, blocking up the entire southern part of the lake, and 
producing the low watershed to the west; through Clear-water Lake, as it 
formed a bay in the Laurentian, and from its rocky and tortuous outline, 
may probably have escaped the action of the currents bearing silt and 
debris. On the emergence of the country, the waters of the Rainy 
River being dammed back from the south, would probably creep round 
the junction of the metamorphic rocks and drift deposits, to Clear-water 
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Lake, and finding the lowest part of its rim in the pre-existing notches 
across the junction of formations at Rat Portage, would pass over, and 
pursue its way by the Winnepeg River to Lake Winnepeg. This river 
does not follow a true river-valley, but falls rapidly westward through a 
series of rock-basins, which often lie transverse to its course; passing 
down the slope of the Laurentian axis, and accommodating itself to the 
surface of a country previously shaped by other agency. The subsequent 
great spread of the Lake of the Woods, southward, must have been due 
chiefly to the action of the waves on the incoherent drift material, a pro- 
cess which is still going forward rapidly. : 


Drift deposits of the Second Prairie Plateau West of the Red River, and 
of Turtle Mountain. 

495. In proceeding westward with an examination of the drift and 
superficial deposits, those of the Red River Valley would next claim 
attention. As, however, they belong to a later period, than those of the 
higher’region to the west, and represent a distinct phaze in the great 
series of physical changes which have passed over the interior of the 
continent, it will be better to reserve them for subsequent consideration. 
Beginning at the. Escarpement of Pembina Mountain, the western shore 
of the former Great Lake of the Red River Valley—I shall describe those 
sections of the later deposits which seem to be typical. 

» 496. The surface of the second prairie steppe, appears to be almost 
everywhere thickly covered with drift deposits, and the undulations and 
slight irregularities of its outline, are in the main due to the arrangement 
of these surface materials, and though no doubt somewhat modified by 
sub-aerial waste, does not seem to have been much changed in this way. 
Over large areas, no system of coulees or stream vallies is to be found, and 
the generally undulated surface, must be due to original inequality, of de- 
position, denudation having acted only in removing a certain quantity of 
the material from the rounded hillocks, into the intervening gentle hollows. 
Such an arrangement, implies not only the porous nature of the subsoil, 
but is in accord with the comparatively very small rain-fall of the region, 
and would tend to show, that at no time since its emergence has the rain-fall 
been very great. The drift material is found generally to consist in great 
part of local debris, derived from the immediately underlying soft forma- 
tions, but this is always mixed with a considerable quantity of far-trans- 
ported material, which is generally most abundant in the upper layers. 
Large erratics are in some localities very plentifully strewn over the plain, 
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but they too, seem to be essentially superficial. They are generally 
of Laurentian rocks, but often of whitish, or yellowish limestone; the 
latter in some places being very abundant. 

497. The eastern front of Pembina Escarpment, is very distinctly 
terraced, and the summit of the plateau, even at its eastern edge, thickly 
covered with drift. The first, or lowest terrace, which is about one-third 
from the prairie level toward the top of the escarpment, is the best 
marked ; but in different parts of the escarpment does not seem to pre- 
serve exactly the same altitude. On the Boundary-line, its height above 
the general prairie level, was found to be about 90 feet, a second terrace 
260 feet, and that of the third level, or summit of the plateau, about 360 
feet. The surface of the first terrace, which is here wide, is strewn with 
boulders, as is also that of the second terrace and plateau above. 
There are chiefly of Laurentian gneiss and granite, but a fewsmaller ones 
of limestone occur. The banks of ravines cutting the top of the plateau, 
and draining westward into the Pembina River, show, in some places, 
a great thickness of light-coloured, yellowish, marly drift, with few 
boulders embedded in it. 

498. South of the Pembina River on the line of the trail from St. 

Joseph’s to Totten, only one well marked terrace level, besides that of the 
summit of the escarpment, was found. Its height was about 270 feet 
above the Pembina River, the summit of the plateau being about 747 feet 
above the same datum.* 
_ 499. The Pembina River, where it leaves Pembina Escarpment at St. 
Joseph’s, shows high banks of yellowish drift material. The pebbles in 
the river valley, derived from the drift, are very varied in aspect, 
including Laurentian, and other metamorphic rocks which may be 
Huronian ; also whitish limestone like that of Winnipeg, fragments of 
calcareous and gypseous nodules from the Cretaceous clays, and a single 
specimen of silicified wood, similar to that found so abundantly in the drift 
of some localities much further west. 

500. On the west side of Pembina River—beyond the escarpment, 
where its course is nearly north and south—many coulées and banks 
show yellowish and light-grey arenaceous or marly drift, often resting 
directly on the clays of the Pembina Mountain group, and then always 
charged with half-rounded pebbles of the underlying rock. The river 
valley, where crossed by the Commission Trail, is over a mile in width, 


_ * The measurements of terraces here given must be considered approximations merely, the weather 
being unsettled, and the readings from a single small barometor. 
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and was found to be 300 feet deep. A terrace occurs, which is specially 
prominent on the western bank, and has a wide tread. It is about 200 feet 
above the stream, and in some places is thickly strewn with boulders. — 
Allowing something for the fall of the river, it would thus nearly 
correspond with the first terrace met with on the St. Joseph’s and Totten 
Trail. The existence of this terrace in the river valley, is interesting, 
as showing that it must have formed a narrow arm of the great post- 
glacial lake of the Red River Valley when near its highest, and is 
therefore probably of pre-glacial age. 

501. Westward, toward Long River, for many miles, wherever the 
subsoil is turned up by the burrowing of badgers, yellowish, marly drift 
appears, and holds many small pebbles of the Cretaceous shales, which 
though sufficiently firm to bear shaping in water, rapidly split up, and 
become disintegrated when exposed to the air. 

502. In the valley of Long River, a very interesting section was 
observed. (Plate XII, Fig. 2.) The bank in which it occurs is about 
thirty feet high, perpendicular above, and composed at the foot of the 
Pembina Mountain Cretaceous. The lowest portion of the drift, is of 
stratified sands and gravels, very evidently false-bedded. The pebbles 
are chiefly from the underlying rock, but there are also a few of foreign 
origin, and the whole is arranged in a manner implying a very strong 
flow of currents in different directions. About eleven feet from the 
top of the bank, the false-bedded layers end abruptly, being cut off by a 
horizontal plane. Above this the bedding is regular, and the drift 
includes many, and some large, travelled boulders of Laurentian and 
white limestone, together with much small Cretaceous material. Large 
boulders are also abundant protruding from the soil of the prairie 
above. The surface of the Cretaceous, on which the drift is deposited, is 
not a smooth one, and there appears to be some evidence that the valley 
of Long River was indicated before the period of the drift. We have 
here, at least, a hollow filled at first under the influence of powerful 
currents in shallow water, and then, it would seem, a deepening of the 
sea to such an extent, as to allow the passage of heavy, far-travelled ice, 
which planed smooth the summits of the current-formed banks below, 
and brought larger fragments of foreign rock to add to the deposit. 

503. The largest boulder observed in this region was in the valley of 
Long River. It was of coarse grey granite, and the portion projecting 
from the ground measued about ten feet square. 

504. Badger Creek, fourteen miles west of Long River, cuts deeply 
into the surface of the prairie, and exposes drift, resembling that of 
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Figure 1—East! Fork of Milk River. (§552) a, boulder clay 
b. older river alluvium. c, newer river alluvium. d, surface 


stratum disturbed by frost, &c. 













Y 











ie 
(Pais 
Ck 






op UB, Tipe 






Ge 
is sb 


I 





a OD, Asn ose ES 
CSTE Lp ts 
he a 










‘tie 






fan 


Ky 
ail 





Figure 2—Long River (§ 502.) a, lower drift, 
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Long River, but not so clearly. Atone place 20 to 30 feet of drift forms a 
vertical cliff. Boulders are abundant in the bed of the stream, and 
appear to be chiefly Laurentian. 

505. In order to ascertain as far as possible, the origin of the foreign 
material of the drift, and the relative proportions of its various consti- 
tuents, the following method was adopted. An average collection of peb- 
bles, taken at random from the gravel of any locality, was made; stones 
above or below a certain size being rejected for convenience, and care 
being taken where possible, to combine gatherings from two or three 
spots for each locality, and to make the collection a large one. The 
pebbles so obtained, were then carefully enumerated, and divided litho- 
logically into groups, which were referred as far as possible to their 
formations. From the numbers thus obtained, percentage ratios have 
been calculated. The comparative simplicity of the geological features of 
the interior of the continent, the similarity of the lithological characters 
of the formations over great areas, and the absence of harder meta- 
morphic rocks in the strata of the plains; are specially favourable to such 
an investigation, and the results serve to show the general course of the 
drift in a region where rock surfaces capable of preserving glacial strie 
are entirely absent. It was at first intended, to enumerate the boulders 
and larger erratics in this way, but the criterion by smaller pebbles was 
found more frequently applicable, and wherever comparison was possible, 
the result obtained from them appeared to agree closely with the pro- 
portional importance of the larger masses. In one respect, the informa- 
tion to be derived from the smaller constituents of the drift, is more trust- 
‘worthy than from the larger, as the limestone suffers rapidly from frost 
and weather, breaking down and ceasing to occupy a prominent position 
among the boulders of harder metamorphic rocks. Particular attention 
was, however, given to the larger erratics also, and it is hoped that infor- 
mation derived from different parts of an east and west line, over 800 
miles in length, across the central portion of the continent, may not be 
unimportant. 

506. The first numerical examination was made on the Line about 
eighteen miles east of the present western boundary of Manitoba, with 
the following result :— 


1. White limestone, of the ordinary kind.................... 48.18 
2. Granitic and gneissic rocks, generally pinkish.............. 38.48 
ee ES ere eR ea ee ats ay e Wh'e atly a'n'b eg o'a's:s alphas" o's 1,22 
4. Pebbles, chiefly or entirely of crystalline quartz.......... 9.75 
a PRR Py ee ee ee ee 2.43 
6. Dark coloured, hard, coe ey a | Ne ea 4.87 
7. Soft reddish decomposed rock. ..............c0e00cceeeee 1,22 
8. Grey rock ; probably fragments of Cretaceous nodules. .. 1.22 
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Also many splinters of Pembina Mountain shale, being fragments of 
disintegrated pebbles. 

507. The limestone resembles that of Fort Garry, of Lower Silurian 
age, but is also indistinguishable from the Devonian limestone oceurring 
north of that place, and from the Upper Silurian debris already mentioned 
as appearing in the vicinity of the Lake of the Woods. The fragments 
included under No. 2, are no doubt Laurentian. Nos.3 and 4 are also pro- 
bably Laurentian. No. 5, derived from the limestones. No. 6 probably 
Huronian. Nos. 7 and 8 are local. The great quantity of limestone here 
present is remarkable, but will be found to be characteristic of many 
other localities. 

508. In this vicinity, and westward toward Turtle Mountain, the un- 
dulations of the prairie become more striking and apparent, and often 
form rather steep-sided little hills. These are also frequently grouped 
together in miniature ranges, or form more or less definite lines across 
the plain. The whole of these surface features, so far as could be ascer- 
tained, are due to the arrangement of the drift deposits. It is also ob- 
servable, that wherever the ground rises slightly to form elevations of the 
kind mentioned, basin-like swamps, and small ponds, are almost certain 
to be found. They do not therefore, as a rule, occur on the lowest parts 
of the prairie surface, but rather the reverse. It is also a curious fact, 
that the hill-tops and swamps should be often equally characterized by | 
the abundance of boulders, while the intermediate slopes, and the general 
surface of the prairie, are almost free from them. A similar observation 
has also, I find, been made by Prof. Bell in a part of the second prairie 
steppe, considerably further north. As already mentioned, sub-aerial 
denudation has taken place to a very slight extent, and the association of 
these features, would appear to indicate slight erosion by currents, 
while submergence was still complete. These might easily scoop out 
hollows in some places, leaving the boulders and heavier masses ; and at 
the same time be removing the finer debris from the exposed surfaces of 
hillocks. 

509. An examination of the constituents of the drift about ten miles 
east of Turtle Mountain, and seven north of the Line, gave the following 


result :— 
1; White limestane. os ojo bie d oa Minswdt es oben se eee 45.63 
2 Granitic and gusiWMiDTOCKBy «xicngh x 5 istesann +\s,9:7 hcg Soles Ca 27.18 
3. Dark, grey and greenish, compact or schistose altered rocks 16.50 
4, Quartz and quarhathees'siiutcws cus idigerelsw ice pale mene 6.80 
5. Orystalliae diorite.: .::'.,<.»:=,s.5:0\s,0'5 ws ae hss» 5, ee ee 1.94 
6. ‘Reddish decomposed TOCK. 1:01.04. 0ss cise » ficaste civcmanign «pa pleee 
7. Fragments of nodules (probably Cretaceous)............ «. 0.97 
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510. The drift here closely resembles that of the last locality, differ- 
ing chiefly in the comparative abundance of dark coloured metamorphic 
rocks, which are probably Huronian. Among the fragments of crystal- 
line quartz, were some of quarzite, of which special reckoning was not 
kept. They may, from their appearance, have been either Laurentian or 
Huronian, or even derived from the Rocky Mountains, as afterwards as- 
certained. Some of the hard greenish altered specimens, may also have 
come from the latter source. 

511. Turtle Mountain, so called, will be described more fully in a 
subsequent page, but should also be mentioned in connection with the 
drift deposits. It is a broken, hilly, wooded region, with an area 
of perhaps about twenty miles square, and slopes gradually upward 
from the plain around it, above which it is elevated, at its highest 
points, about 500 feet. It appears to be the culmination westward 
of the hilly drift region previously described, and forms a prominent 
object when viewed across the eastern prairie, from the contrasting 
sombre tint of the foliage of its woods. From the west it can be 
seen from a distance of forty-five miles, and when thus viewed, has 
really much the general outline of a turtle shell. It is bisected by 
the forty-ninth parallel. 

512. Captain Palliser’s expedition followed the Boundary-line thus 
far west before turning northward, and Dr. Hector, from a general 
examination of the mountain, considered it to be composed of drift. I 
have had the opportunity of examining not only the outskirts of this 
region, but of penetrating completely across it in the direction of the 
Line, and my observations tend to confirm those of Dr. Hector. The 
existence of a bed of limestone in the channel of one of the brooks in the 
interior of the mountain, was reported to me, but after having made a 
special trip, occupying three days, for the purpose of visiting the spot, it 
was found to be merely a large boulder of rock, much resembling the 
Lower Silurian limestone of Garry, which had been lodged in an inclined 
position among many others of granite and gneiss, and was breaking up 
under the weather. Nearly all the abrupt slopes and ridges—of which 
there are many—show boulders in abundance, and these appear to be 
chiefly of Laurentian rocks. The shores of some of the numerous lakes 
are largely composed of white limestone with Laurentian fragments, and 
some greyish and greenish Huronian-like rocks. The western is more 
abruptly hilly than the eastern side, and the more prominent ridges have 
a general northerly and southerly direction, with intervening vallies 
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characterized by swamps and lakes. Large areas of comparatively level, 
or only gently undulated ground, are however found in some places. The 
surface of the “ mountain” appears to be that of the drift, as deposited, 
and has been but little modified by subsequent sub-aerial action. The lakes 
ie in basin-like hollows, and notwithstanding their great number, drain- 
age vallies and stream-courses are few and unimportant. A considerable 
quantity of finer material, however, seems to have been removed from 
the hills and ridges, and re-deposited in the hollows, causing the former 
to be stony and gravelly. 


513. In many respects the structure of Turtle Mountain closely 
resembles that of the Coteau, elsewhere described, and from its altitude it 
is entitled to rank as an outlyer of the third steppe. Similar hills, more 
or less well marked, and composed of drift. materials, appear also to 
occur in other parts of the second prairie steppe. These, with Turtle - 
Mountain, form a line east of the escarpment of the third steppe, but 
nearly parallel with it, including from south to north :—Turtle Mountain, 
Moose Mountain, Wolf Hills, File Hills, Little Touchwood Hills, and Touch- 
wood Hills. These elevations do not appear to be connected with anything 
like a continuous escarpment, at least there is no such connection north- 
west of Turtle Mountain ; nor can their arrangement be shown to be due to 
any feature of the underlying rocks. They lie, however, nearly on a line of 
equal altitude on the eastward slope of the plains, and show a rough 
correspondence to the main gaps in the high land, connected with the 
escarpment of the second steppe, to the east.* Putting aside the 
hypothesis of a nucleus of limestone, or other solid rock, for which there 
appears to be no support, these elevations would seem to have been 
formed by the tendency of icebergs bearing debris to congregate in 
certain positions under the influence of currents. A shoal once produced 
in this, or any other way, would ténd to increase rapidly when the water 
became sufficiently shallow for the ice to ground on it, and its extent and 
dimensions would only be limited by the length of time during which 
suitable conditions prevailed, and the erosive power of the currents pass- 
ing over it, 

514. A careful examination of the pebbles of the drift, on the prairie 
east of the first crossing of the Line and Souris River, 170 miles west of 
Red River, gave the following ratios :— 


‘For a description of Moose Mountain. see Exploration of British North America, p. 49. For the 
Touchwood Hills, Report of Progress Geol. Surv, Canada, 1873-4, p. 28. 
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515. With regard to derivation, Nos. 2, 5, 8,9 and 11, are almost cer- 
tainly Laurentian. Nos. 3and 4are Huronian. No. 7, Cretaceous or Lignite 
Tertiary ; and No. 12 indeterminate. Nos. 6 and 10 are the first undoubted 
examples of a species of drift which further westward becomes increas- 
ingly prominent, and which I have called, for distinction, Quartzite drift. 
After having been observed in numerous places during the seasons of 1873 
and 1874, this drift was finally traced to the Rocky Mountains, as its pro- 
bable place of origin. It is of course possible, that some stray pebbles 
indistinguishable from the true Quartzite drift, but coming from the east 
or north-east may occur; or that some fragments from the Rocky Moun- 
tains may be indistinguishable from those of the Huronian, and included 
with them here; but I think, in the main, the conclusions as to origin 
may be relied on. From this point onward to the flanks of the mountains 
the Quartzite drift will be found to occur more abundantly in the travelled 
debris. 

516. Between the first and second crossings of the Souris River, and 
near the Antler Creeks, no sections of the prairie sub-soil are found. 
Boulders, however, are very numerous in some places, and are as usual 
mostly Laurentian, though there are some of limestone, and also a few of 
hard metamorphic blackish and greenish rocks like Huronian. Occasional 
boulders of pale pink sandstone, with darker coloured stratification planes, 
and also blocks of compact, rather coarse-grained, whitish sandstone, were 
also for the first time seen here. They belong to the Quartzite drift series 
and exactly resemble some rocks of the mountains near the forty-ninth 
parallel. 


517. Near the 192 mile point, the superficial drift was found to be 
composed as follows :— 


sy ee aOR io bt, Po ails olds cad herald Fide hie didie 5 d1°63 
2. Granitic and gneissic rocks, greyish and pinkish.......... 29°77 
3. Greyish, hard, altered rock, resembling quartzite.......... 6°54 
4. Quartzites and hard altered rocks..................... .. 4°00 
ee Pe ar 3°63 
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518. The limestone is probably altogether from the Red River region 
or northward. Nos. 3 and 4 cannot be very definitely placed either in 
the Huronian or Quartzite drift, while No. 7 almost certainly belongs to 
the latter. The introduction of the material included under No. 3, in 
such large quantity is rather anomalous. Nos. 2, 6, and probably also 
most of No. 5, are Laurentian. 

519. The prairie south of the south bank of the Souris River—which 
beyond the Second Crossing runs nearly parallel with the Line for about 
thirty miles—is for a breadth of several miles, strewn with an immense 
number of boulders. These are generally half buried in the soil, and in 
some places over extensive areas they are almost in contact. They con- 
sist mainly of Laurentian rocks, but there are also a good many of lime- 
stone, and some of the harder parts of the local Tertiary s.indstones. 
Some are of large size, though most are not over a foot or two in diame- 
ter. They do not appear to be arranged in groups, but are scattered very 
uniformly everywhere. The north bank of the river as far as I examined 
it, is characterized in the same way; and Capt. Palliser who crossed the 
country beyond it on his way to the Roche Percée, writes :—“ As we ap- 
proached this river, the ground was so covered with boulders that our 
cart could barely get along.”* The region thus evidently strewn with 
erratics, seems to be that which slopes gently toward the edge of the 
steep bank of the river. The boulders are by no means so frequent on 
the general surface of the prairie in this locality, and they would there 
seem to be covered with a finer superficial deposit, which has been 
removed where denudation has taken place. The layer containing the 
boulders, however, cannot be a thick one, as where-waste has penetrated 
to a much greater depth, in the small valleys tributary to the Souris, the 
covering of boulders is not sensibly increased. 

520. Near Wood End, 260 miles west of Red River, some good sec- 
tions of the drift oceur on the Souris. The surface of the prairie here 
rises to form a rather well marked plateau, but of small elevation, which 
may be considered as being the first ascent toward the elevated region 
of the Missouri Coteau. The underlying rocks are here of Lignite Ter- 
tiary age, and as when resting on the Cretaceous, the drift reposing on 





* Exploration of British North America, p. 48. 
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them is found to be very largely composed of their soft debris. At one 
place about three miles west of the former position of Wood End Depot, 

a scarped bank of the stream, about fifty feet in height, is seen to be en- 
tirely composed of drift ; which is a yellowish sandy and gravelly deposit, 
hard enough to stand in perpendicular-faced banks, and in a general way 
much resembling that already described at Long River and elsewhere. 
The boulders are of Laurentian and Limestone, with a good many belong- 
ing to the Quartzite drift, and fragments of local sandstones. Many of the 
boulders and pebbles are polished flat, on one or more faces, and scored 
with glacial markings. Agates and fragments of silicified wood, though 
not actually observed imbedded in it, must also occur in the drift of this 
vicinity, as they are not unfrequently found in pebble beds formed from 
its re-arrangement. The agates were here found more abundantly than 
elsewhere, but were not in any locality observed in the parent rock, 
though they no doubt occur in some of the Tertiary or Cretaceous beds 
of the region. They do not usually show conspicuous banding, but are 
semi-transparent and of a pale yellow colour. ) 


Margin and Eastern Region of the Third Prairie Plateau to Wood 
Mountain. 


521. The localities so far described, may be considered as belonging 
to the second prairie steppe, and illustrating the nature of the drift of 
that level. Westward from this point, the country though belonging in 
the main to the third or highest prairie level, is much more diversified, 
and to understand the arrangement of the deposits of the glacial period, 
it is necessary to bear in mind its general contour, of which an outline 
has already been given in treating of the watershed which runs through 
it to the Rocky Mountains (§ 9 et seq.) 

522, One hundred and twenty miles west of Turtle Mountain, the 
second prairie plateau comes to an end against the foot of the great belt 
of drift deposits, known as the Missouri Coteau. Beyond this point, 
three diverse zones of country cross the forty-ninth parallel in the order 
subjoined. 


1. Tumultuously hilly country based on a great thickness of drift, and 
forming the Coteau de Missouri, properly so called. | 
. Flat topped Watershed Plateau, formed of rocks of the Lignite 
Tertiary, and’constituting a part of the First Transverse Watershed 
already described. 


. Lower broken down region south of the Plateau, partly based on the 


bo 
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Lignite Tertiary, and characterized by gorges and large vallies 
draining toward the Missour%. 


The second region can, perhzps, scarcely be said to cross the Line, but 
appears immediately north of it. On the Line and southward, the streams 
flowing to the Missouri, rise near the southern edge of the first division, 
the greater part of the plateau having succumbed to denuding agencies, 


523. The Missouri Coteau is one of the most important features of the 
Western Plains, and is certainly the most remarkable monument of the 
glacial period now existing there. Though frequently mentioned in 
western reports, | cannot learn that its structure has yet been care- 
fully studied. I have had the opportunity of examining more or less 
closely, that portion of it which crosses the forty-ninth parallel, for a 
length of over 100 miles. 

524. Where cut somewhat obliquely by this parallel, the Coteau may 
be said to extend from the 290, to the 335 mile point, a distance of forty- 
five miles. Atright angles to its general course, however, its extreme 
width at this point cannot be more than about thirty miles. On ap- 
proaching it from the east, on the trail from Wood End, which as already 
stated, is somewhat more elevated than the prairie lying east of it, a | 
gradual ascent is made, till the edge of the Coteau is reached ; amounting 
in a distance of twenty-five miles, to about 150 feet. The country at the 
same time becomes more distinctly undulating—as on approaching Turtle 
Mountain from the east—till almost before one is aware of the change, 
the road is winding among a confusion of abruptly rounded, and tumul- 
tuous hills, which consist entirely of drift material, and in many cases 
seem to be formed almost altogether of boulders and gravel, the finer 
matter having been to a great extent washed down into the hollows. 
Where it appears, however, it is not unlike that of the drift of the lower 
prairies, being yellowish and sandy. Among the hills are basin-like 
vallies, round, or irregular in form, and without outlet ; which are some- 
times dry but generally hold swamps or small lakes, which have frequently 
been filled in with material washed from the hills so as to become flat- 
bottomed. The hills and vallies have in general no very determinate 
direction, but a slight tendency to arrangement in north and south lines 
was observable in some parts of this region. The hills culminate on the 
Line about the 305 mile point, and westward from this place, they are 
neither so steep nor so stoney. The country gradually subsides from its 
rough and broken character, to that of rather boldly undulating prairie, 
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without however falling much in general elevation below the tops of the 
bolder hills further east. We have in fact passed up over the margin of 
the third great prairie steppe. 

525. The whole of the Coteau belt is characterized by the absence of 
drainage valleys, and in consequence, its pools and lakes are very often 
charged with salts, of which those most abundantly represented are 
sodic and magnesic sulphates. The saline lakes very generally dry up 
completely toward the end of the summer, and present wide expanses 
of white efflorescent crystals, which contrast in colour with the crimson 
Salicornea, with which they are often fringed. The crystalline crust gen- 
erally rests on a thick stratum of soft black mud. 

526. The boulders and gravel of the Coteau were here observed to 


_be chiefly of Laurentian origin, with however a good deal of the usual 


white limestone, and a slight admixture of Quartzite drift. On the western 
margin, some rather large disused stream vallies were seen, holding chains 
of saline lakes; but their relation to the drift materials of the Coteau 
were not so clearly shown as in other localities further north, to be 
described. 

527. In passing westward, from the last exposures of the Tertiary 
rocks near Wood End, to the locality of their first appearance within the 
Coteau, a distance of about 70 miles; we rise about 600 feet, and attain an 
elevation of about 2,500 feet above the sea. The slope of the surface of 
the Lignite Tertiary then, assuring it to be uniform, is a little less than 
one hundred feet per mile; and on and against this gently inclined plane, 
the immense drift deposits of the Coteau hills are piled. 

528. The general structure of the Coteau on the forty-ninth parallel, 
is illustrated in figure 1, Plate XIII. It agrees well with the section given 
by Dr. Hector, of the borer of the Coteau, on the Elbow of the South 
Saskatchewan,* but it is interesting to observe that, in that locality, the 
underlying slope is composed of Cretaceous strata; showing that the 
Coteau is not connected with any particular formation, but forms a border 
round the north-eastern edge of a gentle elevation, in which both Creta- 
ceous and Tertiary rocks are involved, and which determines the water- 
shed. 

529. Passing westward for about seventy miles, it is found to preserve 
much the same appearance. The prairie of the Coteau foot, is rather 
undulating, and slightly raised above the general level, but the edge of 


* Exploration of British North America, p. 317, 
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the hilly country of the Coteau itself, is always from a distance well 
defined. To the northward and eastward, boundless, level, treeless plains 
stretch to the horizon. The Traders’ Road to Wood Mountain, after pass- 
ing along the base of the Coteau, for the distance above indicated, turns 
westward, and crosses it, taking advantage of a deep bay in its edge, in | 
which also rises a main tributary of the Souris River. The road 
then passes for about fifty miles through the Coteau belt, which must 
here be about thirty miles wide, and repeats almost exactly the physical 
features already described, though in this particular locality neither quite 
so tumultuous nor so stoney as on the Line. 

530. Following the Traders’ Road westward, for about twenty-five 
miles, toward Wood Mountain, it passes for the most part between the 
southern edge of the Coteau proper, and the northern margin of the Ter- 
tiary plateau. Wherever, from any hill, a view over the Coteau to the 
north can be obtained, it is seen to stretch away to the horizon in a 
succession of wave-like mounds and ridges, which do not differ much in 
average altitude. 

531. The intervening region, followed by the road on account of its 
facility, has characters of its own. Wide and deep vallies, often flat-bot- 
tomed, with systems of tributary coulées, are found everywhere cut in the 
soft rocks of the foot of the Tertiary plateau. Some have small streams 
still flowing in them, fed by the drainage of the plateau ; but for the most 
part these old vallies are dry or occupied by chains of small saline lakes, 
the waters of many of which disappear early in the summer. The lakes 
usually have the long river-like forms of the vallies which contain them, 
and receive the waters of the brooks which still flow. One of the most 
important, probably nine miles in length, forms the drainage-basin for the 
streams of Wood Mountain ; its sides are abrupt, and the water appears 
to be deep. These old vallies are evidently of pre-glacial age, and have 
formed a part of the original sculpture of the country. The heaping up 
of the great drift deposits of the Coteau along the foot of the Tertiary 
plateau, has blocked them up, and prevented the drainage finding its way 
northward as before. Since the elevation succeeding the glacial subsi- 
dence, the rainfall of the district has never been sufficiently great in 
proportion to the evaporation, to enable the streams to cut through the 
barrier thus formed. The existence of these vallies, and the arrange- 
ment of the drift deposits in this region, have important bearings on 
several problems connected with its general history, which will be again 
referred to, 
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Preponderating quartzite drift. 


Preponderating north-eastern drift. 





Figure 1-—Diagramatic section on lat 46°. ($ 528.) a, Trilutaries of the Missouri.” >, The Souris River. The arrows indicate the 
position of the watershed. 


) Preponderating quartzite drift, 


Preponderating nurth-castern drift. 





Figure 2—Diagramatic section north-east of Wood Mountain. (3531) Lettering as above. The asterisk indicates the position of 
saline lakes in the lower part of ancient vallies, 
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Figure 2. Plate XIII. illustrates diagramatically the structure of the 
Coteau, Xc., in localities north-east of Wood Mountain. 

532. The Coteau itself, and the degraded northern edge of the Lignite 
plateau are equally characterized by the abundance of Laurentian and 
Limestone fragments, the drift being in fact chiefly composed of northern 
travelled matter. On ascending toward the summit of the plateau, 
however, the drift rapidly changes its character, the rocks previously 
abundant becoming comparatively scarce; and on reaching its upper 
surface, it is found to be but scantily covered with drift deposits of any 
kind, and the material of these to belong to the Quartzite drift with 
but avery slight intcrmixture of Laurentian. South of the Tertiary 
plateau, and where it is broken down toward the tributaries of the 
Missouri, the country still remains but thinly covered with drift. 
Fragments of Laurentian origin and Limestone are rare, and quartzite 
abundant. 

533. The Quartzite drift, where typically developed, differs not only 
in its composition, but in its appearance and mode of deposition, from 
that of north-eastern origin. The fragments composing it, while of very 
resistent rocks, are not of great size, and rarely show any evident marks 
of glacial polishing or scratching. They are rounded and smooth, like 
beach pebbles, or shingle, and appear to have been for a long time subject 
to the action of the waves. They do not generally form thick deposits 
or banks, but are pretty uniformly spread, and often form a bed only a foot 
or eighteen inches in thickness, with little admixture of clayey matter, 
which rests on the eroded surface of the Lignite Tertiary beds, and in- 
tervenes between them and the soil. Sections in Porcupine, and 
Pyramid Creeks, and in the Great Valley, all showed a capping of this 
material, and the mode of its occurrence may be seen in some of those 
represented. The quartzites and similar rocks forming this drift, which 
are here classed together, are often very varied in appearance, though all 
agreeing in the preponderence of fragmental silica. In colour, the pre- 
vailing tints are yellowish and brownish, sometimes verging on red. In 
texture, rocks may be found from those of a compact jaspery appearance, 
to others in which the grains of sand are coarse, and still plainly 
distinguishable from each other, Fragments of silicified wood also 
occur. 
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MArGin AND EASTERN REGION OF THE THIRD PLATEAU (Continued)—Drift deposits 
near Wood Mountain—Northern extension of the Coteau—Southern extension 
of the Coteau—General aspect of the Coteau—Methods of accounting for the | 
formation of the Coteau—Drirr Deposits OF THE THIRD PLATEAU WEST OF 
Woop Mountatn—Boulder-clay of East Fork of Milk River, &c.—Compo- 
sition of the Drift near Milk River—The Three Buttes—Western limit of 
Laurentian drift— GLACIAL ACTION IN THE Rocky Mountains — Former 
glacier of Waterton Lake—Terraces in the mouth of the 8. Kootanie Pass— 
Origin of gold—Moraines and lakes—Cirques—GENERAL COMPOSITION OF THE 
Drivt—THE Rep River Vautey—Its character and inclination—Alluvial 
deposits—Sections from borings at Winnipeg and Fargo—Yellow marl deposits 
—Connection of deposits of Red River Valley and Missouri Country—PRE- 
GLACIAL ASPECT oF THE CouNnTRY—Former southern flow of Red River— 
First stage in depression—Correlation of levels of plateaus and terraces—Depth 
of submergence when greatest, and action at this time—Emergence of the 
continent— Difficulties met with in explaining the phenomena—PostT-GLACIAL 
PHENOMENA—Possible existence of a pluvial period—Great river vallies— 
Alternative vallies—Valley of the Red River—The formation of coulées. 


Margin and Eastern Region of the Third Prairie Plateau to Wood 
Mountain (continued.) 


534. Following in the description of the drift deposits, as nearly as 
possible, the order pursued in systematically describing the older forma- 
tions, it will next be necessary to consider the region westward of Wood 
Mountain, and between it and White Mud River. The three belts of 
country already defined, are here not so distinctly marked, as the watershed 
plateau turns north-westward, and does not maintain its elevation so 
uniformly as before. The third region, or that sheltered by the plateau, 
consequently shows a somewhat greater admixture of foreign matter, 
though the preponderance of the Quartzite drift is still remarkable, and 
the size of some of its component fragments is greater than in any 
locality previously observed. After passing the 425 mile point, it rests 
upon the surface of the clay-shales of No. 4 of the Cretaceous formation. 
The average elevation of the region above the sea is about 3,000 feet. 

535. A numerical examination of the pebbles of the drift, near the 450 
mile point, gave the following ratios for its constituents :— 


1. Quartzite drift, brownish, yellowish, purplish, and dark grey, 
and varying in texture as already described....... erp’ 40°66 


2. Granitic and gneissic rocks. ... 1.1.6.0 ese cece eee eee ee eens 25°83 
4, White limestone... ,.,cccrrrcvevcvevvcccccssssecssosces 19°95 
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5. Fragments of ironstone nodules (local).................-.. 4°60 
6. Blackish and dark-green hornblendic and felspathie rocks, 
some of which might be called diorites ............... 3°84 
MRT IEE OMEN 2h a%e oldie cash wo ona Pa nde M5 ae eM eo 1°53 
8. Soft yellowish sandstone (local).................05 seeees 1:27 
PLS Se See eee 1:02 
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536. Part of the coarser quartzite of No. 1, almost exactly resembles 
that described in the enumeration of pebbles on the Souris River. (§ 514) 
Nos. 2, 7, and 9, are Laurentian; No. 6 is probably almost entirely 
Huronian. In this locality there are also a good many boulders of 
granite and gneiss of some size. A large limestone boulder, weathering 
pinkish white, but grey internally, was found to measure 10 by 6 by 24 
feet, neither the length nor thickness being fully exposed. Near here 
also, in some of the limestone erratics, specimens of a peculiar Strom- 
atopora were found in some abundance. The Quartzite drift of this 
locality, is mingled with a greater proportion of eastern and northern 
debris, than that of the country more completely sheltered by the Tertiary 
plateau, further east, but is still well characterized. 

537. North of the plateau, the increase of limestone and Laurentian 
rocks is very apparent. At a point about twenty-five miles west of 
Wood Mountain, near the junction of the Coteau deposits and northern 
slope of the plateau, an examination gave the following result :— 


Remi. Soe, «cae oes oS 4s he be Yrais dot ecu welomlt 22°33 
2. Granitic and gneissic rocks (prevalent tints reddish and 
PERG MEP TNE Sete e ree cated os ne see sat Sed ee ee Lous 29°58 
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538. Westward from Wood Mountain, the drift region of the Coteau 
trending northward, follows the base of the Lignite Tertiary plateau, and 
is not again seen in the vicinity of the Line. It would appear trom 
Captain Palliser’s map to run with a course about west-north-west to the 
Elbow of the South Saskatchewan, where, as already mentioned, it was 
met with by Dr. Hector. Here the edge of the Tertiary ceasing to be 
coincident with that of the third prairie steppe, appears to travel south- 
westward, while the edge of the third steppe is continued northward, by 
an escarpment which, according to Dr. Hector, is of Cretaceous rocks ; 
and appears to be closely followed by the bordering drift region of the 
Coteau as before. The Coteau deposit, would even seem to extend to the 
latitude of the Thickwood.-Hills, north of the North Saskatchewan, as Dr. 
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Hector says of them, that their whole eastern slope, with its broken 
country is “strewn with boulders, and worn into conical knolls and deep 
pot holes,” forcibly reminding him of the country where the south 
Saskatchewan intersects the Coteau des Prairies ;* and again on a foliow- 
ing page—“ The abrupt slope, facing to the east, follows a curved line to 
the north-west, and is everywhere strewn with boulders, principally of 
primitive rocks, and angular masses of chert and magnesian limestone.” 

539. The edge of the third prairie plateau is, however, toward the 
north, less definite than southward, and is broken up into separate systems 
of flat-topped hills; and the arrangement of the drift deposits no doubt 
partakes of the same irregularity. I cannot but believe, however, that 
the deep vallies, without outlet, which seem to have perplexed Dr. 
Hector in this region, are explicable in the same way as those found 
within the Coteau near Wood Mountain, and that there also great deposits 
of drift material have been piled on old surfaces seamed with pre-glacial 
vallies. Of these Dr. Hector writes—with special reference to certain 
instances in the Kar Hills, south of Battle River :—‘‘ The surfaces of the 
higher plains are in some localities traversed by profound rents, resemb- 





ling the vallies of great rivers, but which, after running for some miles, 
are generally found to be closed at both ends. They are often occupied 
by deep lakes of salt water, depressed 200 to 300 feet below the plain, and 
from 500 yards to a mile in width.” + . 

540. The frequent occurrence of saline lakes, in the rugged district 
of the edge of the highest prairie steppe, is also mentioned; and their 
position, generally at the same altitude, and along a well-marked old coast 
line, leads Dr. Hector to attribute their salinity to the remains of the 
salts of the sea itself. To me it would appear more probable, both from 
the composition of the salts, and the fact that similar saline waters were 
frequently found issuing from the rocks—especially those of Cretaceous 
No. 4—that they primarally owe their salinity to chemical action pro- 
eceding xmong the little consolidated beds of the Tertiary or Cretaceous ; 
and its persistence to the want of drainage vallies. Be this as it 
may, they are totally distinct in character and origin from the salt 
springs of Lake Manitoba, and the Red River Valley to the east. 

541. South of the forty-ninth paraliel, the continuation of this belt 
of drift material can also be traced. It runs south-eastward, character- 
izing the high ground between the tributaries of the Missouri and the 


* Exploration of British North America, p, 64, t Ibid., p. 221, 
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Red River, but wanting the backing of the Lignite Tertiary plateau, it 
appears to become more diffuse, and spreads more widely over the 
country. The drift deposits do not form the high ground, but are merely 
piled upon it; and it seems to be based at no very great depth on a 
nucleus of hard paleozoic rocks, over which the Cretaceous is generally 
thinly spread, but which appear at the celebrated Pipe Stone Quarry 
and elsewhere. From what I can learn, it would appear that the 
so-called Coteau de Prairies and Coteau de Missouri, between which a 
distinction is often here made, are parts of the same great feature. Their 
elevation is similar, and nearly the same as that of the Coteau on the 
Line, and they are equally characterized by the immense profusion of 
erratics, with which they are strewn, and by basin-like swamps and 
lakes. 

542. The following description of the Coteau south of the Line, by 
Prof. Thomas, is the best I have been able to find for that,region, and 
will be valuable as a term of comparison. ‘The surface of the country 
between the valley of the Red River on the east, and Missouri River on 
the west, may be described, in general terms, as consisting of high, roll- 
ing prairies, intersected by the vallies of a few streams which run south, 
But this general contour is interrupted by two elevated plateaus, which 
stand high above the general level, as monuments reared by the vast 
aquatic forces of the past, as if to give us some idea of their stupendous 
power. The smaller of these elevated plains, the Coteau des Prairies, 
extends from a point about forty miles west of the north end of Lake 
Traverse, latitude 46°, longitude 97° 30’, southward, expanding and 
somewhat dividing towards its southern extremity. The western arm of 
this southern extension encroaches close upon James River Valley, about 
latitude 44° 15/, where it ends; the other arm reaches south-east, passing 
down on the east side of the head waters of Big Sioux, and graduaily 
fades out in the southwest corner of Minnesota. The elevation of its sur- 
face averages nearly 2,000 feet above the level of the sea, varying from 
1,860 feet, to 2,040 feet, showing arise above the plains east of it of about 
800 feet, and above the valley west of it of 700 feet. The other plateau 
is the Coteau of the Missouri. This hugs the valley, and follows the 
course of the Missouri, northward from Fort Sully to the great bend of the 
river near the mouth of the Yellowstone. Here it it recedes, and extends in 
a northwest direction into British Possessions, where it gradually fades 
out and is lost (?). It varies in width from thirty to fifty miles, and in 
height from 1800 to 2000 feet above the sea; but the surface is more irre- 
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gular than that of the other Coteau, portions of it rising as much as 200 
feet above the general average. The general elevation corresponds very 
closely with that of the Coteau des Prairies, showing very clearly some 
relation between the origin of the two. On each are numerous small 
lakes, mostly impregnated more or less with saline matter, and at many 
points on each boulders are quite plenty.”* 

543. Dr. Hayden, treating of the same region, writes: “North of 
the Missouri River, from the Big Sioux River to Fort Clarke, there are 
districts where one might walk for miles across the plains, and over the 
hills without stepping upon the ground, so closely paved is it with worn 
or partially-worn boulders.” + Prof. Winchell describes the extreme 
south-eastern part of the Coteau, near Lake Traverse, as characterized 
in a similar way, by the abundance of erratics, which, though some 
limestone boulders occur, are chiefly of granite.t Minne Wakan, or 
Devil’s Lake, in the watershed region of northern Dakota, may be but 
a larger example of the kind of lakes characteristic of the Coteau. Its 
waters are saline, and its shores appear to be fringed with innumerable 
boulders of great size. 

544. Inthe Missouri Coteau, we find a natural feature of the first 
magnitude. A mass of glacial debris and travelled blocks, with an 
average breadth of, perhaps, thirty to forty miles, extending diago- 
nally across the central region of the continent, with a length of about 
eight hundred miles. It would appear to go far toward satisfying the 
requirements of the theory which accounts for the glaciation of northern 
America and Europe, by the southward progress of a great polar ice-cap. 
It may be supposed that a projection of this great ice-sheet, filled the 
whole northern part of the interior of the continent, from the high 
ground at the foot of the Rocky Mountains on the west, to that of the 
Laurentian plateau to the east. It would be supplied by ice generated 
in the polar regions, and fed also by that of the Rocky Mountains and 
Laurentian axis at its sides, and may be supposed to have passed south- 
ward, impressing on the country all the features which now characterize 
it, and especially excavating the basins of the great series of lakes which 
lie along the western base of the Laurentian. | Hemmed in on the 
west by the higher ground of the watershed, it may be supposed to have 
been forced eastward, and leaving the Coteau as a gigantic lateral 
moraine, to have sent a tongue far southward in Dakota and Minnesota 
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over the low country of the Red River Valley. By such a series of 
suppositions, nearly all the observed phenomena may be accounted for; 
while it is easy to attribute the uniformity of the plains, to the action of 
such a glacial sheet planing its surface ; but an almost infinite amount of 
force, acting from behind, must be among the first of the assumptions; a 
force capable of moving the supposed great ice-mantle across the 
northern transverse watershed, down into the valley of the Saskatch- 
ewan, lying athwart its course, and then for hundreds of miles up the north- 
eastward slope of the plains. 

545. The main facts to be accounted for are these :—A plateau in 
continuation of the high land stretching eastward from the mountains ; 
thinly covered with drift material of the nature of shingle, in which 
quartzite fragments from the slopes of the Rocky Mountains greatly pre- 
ponderate, 

A lower region to the southward, also characterized by quartzite 
drift, in which, when most perfectly sheltered from the north, northern 
and eastern drift, rarely occurs; but appears to increase in abundance in 
exact proportion to the deficiency of the northern barrier. 

A second lower region to the north, thickly covered with glaciated 
northern arid eastern debris, with comparatively little intermixture of 
western material, and heaped up especially on the foot of the plateau 
before mentioned. 

546. From a careful examination of the Coteau and its surroundings 
in the vicinity of the Boundary-line, I have been lead to the opinion that 
not glacier-ice as such, but sea borne icebergs only, can account for the 
phenomena there presented. From the great similarity of the natureof 
the Coteau in all parts of its length, and its essential unity, it would seem 
that the nature of the origin of any one part must be that of the whole. 
Without therefore at the present time entering at any length into the 
general question of glaciation, it may be well to attempt to account as 
far as possible for this its greatest record on the plains. 

547. It will be shown subsequently, that a depression of the continent 
amounting to at least 4,000 feet, as marked in the Rocky Mountain region, 
has taken place in post-tertiary times, and during the subsidence and 
emergence preceding and following the period of greatest depression, it 
would seem that most of the features of the later deposits of the plains 
were produced. To account for the Coteau deposit, it must be supposed 
that from some cause the level of greatest deposition of drift material, for 
some time coincided with its general altitude ; but whether this line was 


~A' 
| 


238 B. N. A. BOUNDARY COMMISSION. 





K 
one at which the causes producing the drift dey osit acted for a very long 


period, or whether its accumulation marks a stage of depression at which 
the Laurentian axis, and its flanking Silurian rocks were most favorably 
situated for degradation, are general questions best discussed in the sequel. 
The Coteau belt is not exactly a shore deposit, and its position during the 
period of greatest subsidence must have been deeply submerged, though 
this may have been for a comparatively short time. 

548. Here on the foot of the Tertiary plateau, from the North Sas- 
katchewan to the Line, heavy ice from the north and east must have 
grounded, bearing material from the Laurentian hills, a distance of at least 
four hundred miles; while at the same time from the north-west or, 
perhaps, even from the south-west, came lighter ice bearing debris from 
the glaciers and coast line of the Rocky Mountains, and moving probably 
under the influence of superficial currents, or prevailing winds. The 
material from the latter source, must either have been originally shore 
gravel, or have lain for a long time subject to the action of the waves 
on the shallow surface of the plateau, and been there impressed with the 
character of shingle—a character not assumed by the debris of the 
Coteau. It is worthy of remark in this connection that while fragments 
of siliceous rocks from the Rocky Mountains, which are mingled with the 
Laurentian matter of the lower levels, frequently retain marks of severe 
glaciation, those of the summit of the plateau and higher levels, rarely 
show traces of it. South-westward of the Boundary-line, the Tertiary 
plateau ‘being in most places absent, and the general surface of the 
country lower, it would seem that the Coteau region is broader and 
more scattered, and that much of the northern ice may have passed 
over it southward, There is nothing to show that the siliceous drift is 
in any sense confined to the higher levels. It appears most abundantly 
there, and decreases eastward, but in many western localities where the 
northern drift preponderates, as great a quantity of the western material 
may exist asin the thin covering of the plateau ; but it loses its pro- 
minence, from its insignificance relatively to the north-eastern material. 
The total quantity of drift, area for area, on the third as compared with 
the second steppe, is probably not over one twentieth. It would 
appear from their mingling, that the two deposits if not exactly 
contemporaneous, are very nearly so. 
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Drift Deposits of the Third Prairie Plateau West of Wood Mountain. 

549. On the western side of White Mud River, is a region of gentle 
hills somewhat elevated above the prairie to the west of it, and which 
ten miles north of the Line, is about ten milesin width. From the contour 
of the surface it would seem that this is in great part caused by an accu- 
mulation of drift, though it may also be connected with the occurrence of 
outlyers of Cretaceous No. 5. From the 505 to the 535 mile points, an 
outlying portion of the Tertiary plateau extends, and runs north-westward 
to an unknown distance. Its eastern edge is somewhat cut up by old 
disused vallies, in one of which a large saline lake occurs. These may 
be of pre-glacial age. The western front is comparatively little broken 
by vallies, and is abrupt and escarpment-like. No sections or features of 
interest in connection with the drift were observed, though some parts 
of the region show many boulders of mixed origin. 

550. Westward, a flat, arid plain stretches to the East Fork of Milk 
River. It is very stoney in many places, and an examination of the con- 
stituents of the drift near the 540 mile point gave the following result :— 
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551. In the valley of a stream near the 547 mile point, good sections 
of the drift appear. The material is a rather hard arenaceous clay, of a 
general brownish-grey colour, and some appearance of rough stratifica- 
tion. It shows stones of all sorts irregularly imbedded in it, many of them 
very evidently glaciated ; and also contains specimens of a Cretaceous or 
Tertiary fossil Ostrea, crystals of selenite, and small angular fragments of 
a material more resembling true coal than lignite. 

552. The surface of the country, before reaching East Fork of Milk 
River, again rises somewhat, and is very thickly strewn with erratics, 
which show a mixture of northern and western drift. In the valley of 
East Fork, though there are no sections of the Cretaceous or Tertiary, 
very interesting exposures of true boulder-clay, resembling that last 
described, are found. The banks in some places, where the stream has 
cut away their base, are nearly vertical, and about forty feet in height. 
(Plate XII., Fig. 1.) The material is a very hard sandy clay, varying in 
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colour from yellowish to dull bluish-grey, and with rusty cracks tra- 
versing it in many directions. It is usually so homogeneous, that on 
weathering it assumes vertical forms, and a rudely columnar appearance. 
It seems to have been moved, and to some extent stirred together after 
its deposition, and contains many glaciated stones and small boulders 
scattered irregularly through it, and resting in all positions. In some 
places, however, current structure and false bedding are very apparent. 
The included fragments are of the usual metamorphic rocks, and Quartzite 
drift, with some white limestone, and ironstone nodules, selenite, fossil 
Ostreas and Cephalopods from the Cretaceous. Lignite and coaly lignite, 
like that already described, are not uncommon. The appearance is that 
of very heavy ice action, and it would seem that a great part of the ma- 
terial has been derived from the underlying clays of Cretaceous No. 4, 
which have been poached up, without having been far removed, and 
mingled with travelled erratics. 

553. The valley of the West Fork of Milk River, shows some sections 
of similar clay. An examination of the superficial drift of this vicinity 
gave the following numerical result :-— 


1. Quarézite drifts, |. edi. bi, dos'd.5 ciliesicew 40.0. Saee See 52 07 
2 Granitic and gneissic rocks, of prevalent pinkish and greyish 

| i, re re Tre re 25 66 
BE DLAMOSGONE alo oo sso ec coscinss. 0 bie. cave iesb dy soln. ope s GLORIES 717 
4. Soft sandstone, clay-shale, &c., (local).......... : do.uaeieay 5 66 
& Orystalline quartins « <.a..d4isevecne sess onekepre eee 3°77 
6. Chert...... (ees dames e Oda waeen seeps | ee Dees Dee 2°64 
T< Tronstone, (local)... . s.vcas aisles secs te uu es 50s Sine Ree 1°88 
8... Porphyritac trap... 25.5.1 cawes > > caceay apne Spree eee 1 23 


554. The colours of the quartzite pebbles of No. 1, are generally yel- 
lowish, brownish and whitish, but among them have been included a few 
fragments of greenish slaty rocks, and many apparently intermediate 
between this and quartzite, but not clearly referable to either. The 
whole have therefore been placed under one heading, as probably 
derived from the mountains, though some—especially of the slaty sam- 
ples—may be Huronian. Among the limestone pebbles also, are one or 
two which resembled those of the mountains. It is interesting to find 
here a few specimens of the trappean rock of the nucleus of the Buttes, 
which are situated sixty miles due west. A fragment of an Ostrea was 
also found though not enumerated. : 

555. No instructive sections of the drift were met with in the vici- 
nity of Milk River. The surface of the plain is strewn with boulders in 
many places, but the drift deposits do not appear to be thick. Near the 
610 mile point, the plain has a general elevation of about 3,600 feet. An 





GLACIAL PHENOMENA AND SUPERFICIAL DEPOSITS. 241 


examination of the superficial drift at this place gave the following 


result :— 
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An analysis by colour of the components of the Quartzite drift was 
also here attempted, and with the following result :— 
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The yellowish and browpvish specimens are as a rule very compact, 
though some are of coarse, granular quartzite. In the purplish and red- 
dish series, coarse-grained and compact varieties are about equally 
divided, and several of the greyish, are quite coarse-grained, the constitu- 
ent particles being of different coloured rocks. 

556. The Three Buttes, or Sweet Grass Hills, already briefly des- 
cribed in treating of their structure, yielded but few traces of action 
during the glacial period. Aware of the importance of these isolated 
mountains, I searched carefully for any glacial markings upon them, but 
the shattered nature of the hard rocks of their summits, and the softness 
of the strata flanking them, has prevented the preservation of such 
striation, if it originally existed. The terraced aspect of the foot-hills, 
though at first attributed to marine action; was afterwards found to be 
mainly, if not entirely, due to the arrangement of the subjacent rocks. 
The boulders of their immediate neighbourhood are frequently composed 
of the trappean rock of the summits, mingled largely with Laurentian 
and Quartzite erratics. A stream, flowing from the West Butte, at the 
foot of the steep slope of the mountain, has cut through a considerable 
thickness of rough, mostly angular, though not evidently glaciated stones, 
with which its valley had been filled. Of these the greater part were 
local and trappean,but some of foreign origin. Laurentian and Quartzite 
erratics are found in abundance to a height of over 4,000 feet. 

557. The main stream of trappean fragments, which, in whatever 
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way the glaciation of the plains is accounted for, must be supposed to 
have flowed away from the Buttes, cannot have taken a direct easterly or 
westerly course, as specimens of the rock are scarce in both these directions, 
Nor does there appear to be any considerable accumulation of debris 
immediately north of the Buttes ; and a southerly course, for the drift in 
this region, would seem to be indicated. 

558. The First Branch of Milk River, where it crosses the Line, 
flows in a moderately wide valley with banks forty to fifty feet high. 
These show good sections of boulder-clay, which almost exactly resembles 
that described in the East Fork, 140 miles eastward. It is, perhaps, 
however, of a paler tint, and rather yellowish in colour. — It. includes 
glaciated stones, and shows here and there traces of stratification; and as 
before, tends on weathering to break into upright columnar fragments, 
which give the cliffs a peculiar appearance. Pale green, slaty pebbles 
were noted here in some abundance for the first time. 

559. The superficial drift examined in a favourable locality, six miles 
west of this place, gave the following percentage ratios :— 
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560. Nos. 1 and 3 are, no doubt, identical in origin, and in 
considering the derivation of the material should be treated of together. 
The most striking feature in this collection is the remarkable abundance 
of the softer rocks, which though associated with the quartzites in the 
mountains, have not previously been observed to accompany them on 
the plains in any quantity. A portion of No. 4 is also from the 
mountains, but it is almost impossible to draw distinctions in all cases 
between the limestones of eastern and northern, and those of western 
origin. They have therefore been classed together. 

561. Near the Second Branch of Milk River, the plains have an 
average elevation of somewhat over 4,000 feet, and lie about thirty 
miles from the nearest spurs of the Rocky Mountains. The drift, while 
chiefly from the mountains, contains boulders of Laurentian origin, and 
apparently also a few of the eastern white limestones. Fifteen miles 
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further west, in the neighbourhood of the St. Mary River, at about the 
same elevation, Laurentian fragments were observed in certain places 
in some abundance, but were lost sight of beyond this point. The 
distance of these travelled blocks from the nearest part of the Laurentian 
axis is over 700 miles. 

562. We have here then, as closely as it can be defined in this 
latitude, the most western, and highest limit of the Laurentian drift, 
but not necessarily that attained by the waters when at their highest 
stage during the glacial submergence. Terraces, clearly implying a sea 
margin, are, indeed, found higher on the flanks of the mountains. A 
depression of the eastern region to an extent of 3,000 feet, would more 
than suffice to cover the Laurentian axis, as it is at present, and though 
in pre-glacial times its height was greater, it must have stood, at this 
stage of subsidence, scarcely, if at all, above the level of the sea. 


Glacial Action in the Rocky Mountains. 


563. In the part of the Rocky Mountains crossed by the Boundary- 
line, the effects of glacial action are very frequently apparent, though no 
glaciers, properly so-called, now exist. The streams flowing from the 
mountains, cut through banks of well-rounded gravel, and small boulders, 
similar in general character to that which has been called Quartzite drift. 
The stones were not observed to be glaciated. 

564. Waterton, or Chief Mountain Lake, occupies a deep valley with 
exceedingly steep and precipitous sides, which opens northward. Its 
height above the sea is 4,213 feet, and it is about ten miles in length, and 
fills the valley from side to side, with an average width of about three- 
fourths of a mile. Near its northern end, is a'collection of rounded and 
hummocky hills, which are evidently composed of moraine matter, and 
show rocky fragments of all shapes and sizes; where these are not con- 
cealed by softer material, or the luxuriant vegetation of the region. The 
havd limestone of series B., where it crosses Waterton Lake, though not 
observed to show glacial markings, has the general rounded outlines 
produced by ice action. There is thus evidence that a great glacier 
pushed northward down the valley of the lake, and debouched upon the 
plain, being fed, no doubt, from the numerous smaller transverse ravines 
which enter it. 

965. Without going into detail in every case, it may be stated, that 
in all probability every valley of importance was in like manner occupied 
by streams of moving ice ; and to their moraines much of the contour of 
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the immediate foot-hills of the mountains is due. The brook issuing 
eastward from the mouth of the South Kootanie Pass, has cut through a: 
great thickness of clean gravel drift, composed of large and uniform, well 
rounded pebbles, of which the general tint, as viewed from a distance, is 
pale purple. Above the bed of the brook, on the flanks of the mountains, 
on the south side, are some well preserved terraces. In one place these 
were observed to have suffered an apparent dislocation, the top of each 
terrace on one side, corresponding in elevation with the middle of the slope 
of that on the opposite side; the two systems being separated only, by a 
straight narrow water-furrow down the mountain side. The arrange- 
ment altogether was highly suggestive of faulting on a small scale, since 
the formation of the terraces ; an explanation rendered the more pro- 
bable from the fact, that terraces on the west side of the mountains © 
discribed by Dr. Hector, seem also to have been affected by very recent 
movements.* The highest of these terraces in the Kootanie Pass, though 
its altitude was not actually measured, was estimated from that of the 
pass, to be about 4,400 feet above the level of the sea, and above this no 
reliable sea-mark was found. From the position of the terraces in the 
open eastern throat of the pass, from which the ground falls rapidly away, - 
it would appear that they cannot have been formed by any smaller sheet 
of water; nor would the nature of the locality allow me to explain their 
formation on any hypothesis of a former moraine blocking up the valley. 


566. The material of the drift, westward from a line which may 
be drawn near the valley of the St. Mary River, appears to be composed 
altogether of the debris of the mountains of this immediate vicinity ; nor 
were any fragments seen which could not with great propriety be assigned 
to one or other of the beds observed in place. The gold, which is known 
to exist in small quantity, in almost all the streams which have been 
prospected for it, can therefore hardly have other origin than that of the 
drift, of which it appears to form a part. Though no metaliferous veins 
were observed in this part of the mountains, they are found southward in 
Montana, and may exist also here, but if so nothing was observed which 
would lead to the belief that they were either rich or numerous. 

567. About four miles westward from the West Fork, in the valley 
of the Kootanie Pass, well preserved glacial stris# were found, on a surface 
of hard green slate. Their direction was 8. 40° W. (mag.) or coincident 
with that of the main trough of the valley. This is the only locality in 





* Exploration of British North America, p. 317, 
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which glacial striation was actually observed, the surfaces of the rocks 
having generally been too much broken up for their preservation. Near 
here also, some large gravel terraces remain on the mountain sides, and 
in one place the brook has cut through a mass of tough boulder-clay of a 
light fawn colour. 

568. Four miles up the valley, on the western side of the watershed 
which runs south-eastward from the Forks, it is blocked by a series of 
very evident and perfect moraine mounds, traces of which extend for 
nearly a mile. Those lowest down the valley, have been much modified 
by water, and are merely steep rounded and irregular knolls; while those 
last left by the glacier, still retain their abrupt ridge-like form, and are 
convex downward. Where a small lateral valley joins the main one, a 
straight-edged ridge has been produced by the interference of its glacier, 
after the retreat of the larger one. The moraine has, no doubt, at one 
time held in a lake, similar to those now existing in many of the vallies,_ 
but has long ago been cut through by thestream. The highest portion of the 
moraine is situated about five miles below the head of the valley, and 
no intermediate ridges were observed. Here, and elsewhere, there are 
indications of the rather sudden conclusion of the period of cold, and 
retreat of the glaciers. 


569. The upper ends of the valleys, surrounding the higher peaks 
and ridges, are generally very abrupt, and take the form of cirques, 
or amphitheatrical depressions, of great depth, in the mountain sides. 
The backs and sides of these are often nearly vertical, and they are some- 
times only separated laterally, by steep knife-edge-like ridges, the crests of 
which form the most practicable paths to the summits. Hach of these 
upper terminations of the valleys, generally also shows a smal lake, or 
pond, in the hollow of the surrounding cliffs; the basin of which has 
evidently been formed by glacier ice—which must here have been 
descending almost vertically—in the moraine matter or shattered rocky 
floor. Further down some of the valleys, long river-like lakes are seen, 
evidently occupying the beds of old glaciers, but whether held in by 
moraine matter or not, 1 was unable to determine. The water of the 
smaller lakes in the upper ends of the valleys, as seen from the heights 
around, is of a beautiful semi-opalescent indigo-blue, and must be of 
considerable depth. The lakes are supplied in part by the great banks of 
perennial snow, which appear in these sheltered hollows. The snow 
though not of the consistency of ice, is firm enough to be walked over 
with ease, and has, no doubt, kept up the direct succession, from the 
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time when great nevées filled the heads of the valleys, and the mountains 
around them were completely snow-clad ; and are waiting only some 
change in the climatic conditions, to advance again down the lines of 
the old valleys, and occupy the places they formerly filled. 


General Composition of the Drift. 


570. In the subjoined table, the results of the numerical analyses of 
the drift, have been rearranged more broadly ; that a general idea of its 
composition may be arrived at. All clearly Laurentian material is 
classed under that name. In the limestone column, chert plainly derived 
from the same beds, has been included. It being impossible in all cases 
to separate the mountain drift from the Huronian, I have distinguished 
those figures in which any uncertainty of this kind may exist. It is pro- 
bable also that a small proportion of Huronian, the fragments of which 
have been included in the now preponderent Quartzite drift, runs on even 
as far as the Laurentian is found. The results here arranged, are founded 
on the travelled drift only, all local samples having been thrown out. The 
great mass too, of the lower and undisturbed drift, composed of soft 
matter mostly of local origin is, of course, here quite unrepresented ; as 
not throwing any light on the direction of travel. Crystalline quartz, 
diorite, &c., though appearing in the calculation, are not represented 
in the table, as their origin is more or less uncertain. . 

571. The limestone is all included in a single column, and has been 
almost altogether derived from the eastern limestone beds, though from 
No. 7, onward, fragments clearly referable to the mountains begin to ap- 
pear, and in some of the more western localities, material of the latter kind 
may amount to even fifty per cent. of the whole. The small quantity of 
limestone from the mountains compared with other rocks of this origin 
in the drift, except immediately on their flanks, is remarkable. The 
limestone beds, though forming so prominent a feature in the mountains, 
are, however, chiefly developed in the higher regions ; and it may be that 
the action of the waves was chiefly directed on the rocks of Series C., the 
general character of which closely resembles that of the quartzite drift, 
and which forms the lower and outer ranges. The eastern limestone, though 
from the same direction as the Laurentian debris, which appears at nearly 
the same percentage throughout; in constrast to it, runs out very rapidly 
toward the upper levels, a fact to be accounted for by its lower posi- 
tion on the flanks of the Laurentian highlands, and consequent rapid 
submergence below the line of efficient action of the ice. The constant per- 
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Average for Third Plateau. 


Those figures under Huronian and within brackets, may include a very small percentage of indistinguishable fragments of Quartzite 
drift. Those with brackets under Quartzite drift, may in the same way, include a small percentage of Huronian, 
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centage of Laurentian, must not be supposed to show that erratics of that 
origin are equally frequent over the second and third steppes, for the 
total quantity of drift on the latter is comparatively small. 


The Red River Valley. 


572. The valley of the Red River, is a continuation of the trough, in 
the northern part of which Lakes Winnipeg, Winnipegosis, and Manitoba 
lie. On the east, it is bounded by the plateau of drift materials, already 
described, which stretches southward from the Laurentian region. On 
the west, the nearly straight line of the Cretaceous escarpment, with the 
terraced front of Pembina Mountain form its limit. The part of this 
valley lying north of the Boundary-line, and between it and the southern 
shore of Lake Winnipeg, is ninety miles in length; while from the Line 
southward to Traverse Lake, itis 225 miles, giving a total length of 315 
miles. On the forty-ninth parallel, its width is forty-six miles, and for a 
long way south of the Line, it preserves an average breadth of about 
thirty miles, though finally narrowing near Traverse Lake. The general 
course of the valley is exactly north and south, to which the river con- 
forms, but not very precisely ; for at Grand Forks, seventy miles south of 
the Line, the Red Lake River—a stream of magnitude, equal to, or greater 
than, the southern branch which continues to bear the name of Red 
River—comes in at right angles without producing any corresponding 
bifurcation or change in the valley. The valley appears to have been 
adopted by the river, not formed by it. 

573. The slope of the valley northward from the Line, probably does 
not exceed six inches in the mile. From Morehead in Minnesota, 150 
miles south of the Line; the average fall ofthe river is a little less than 
one foot per mile, by railway levels, and that of the valley must be even 
less. The inclination of the sides of the valley, east and west of the 
central depression, probably seldom exceeds ten or twelve feet in the 
mile, and frequently falls much below this. Its general aspect is that of 
a perfectly level plain, bounded only by the horizon, or by a belt of trees 
fringing some stream. | 

574. The whole of this valley, has at a time geologically recent, 
been occupied by a great lake, with the fine silty deposit of which, it is 
now floored. The alluvial deposit is uniform and of great depth. I 
have never observed any organic remains in it, but leaves and fragments 
of wood appear to have been found in some places. The lake must have 
been a fresh-water one, but the remains of molluscs are not found. The 
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lower layers of the deposit, are as a rule the finest and most uniformly 
stratified. Those near the surface, though rarely showing any material so 
coarse as to be called sand, sometimes take the form of moderately coarse 
arenaceous clay. A portion of these upper layers may have been formed 
by the overflow of the river itself, after the recession of the lake. Pebbles 
or boulders of any kind are exceedingly rare, and where seen were pro- 
jecting above the surface of the soil. The total number observed in all 
my excursions in this valley, might almost be counted on the hand. 
They are usually of Laurentian origin, though one or two of limestone 
were met with. 

575. The depth of the alluvial deposit near the forty-ninth parallel, 
has not been ascertained, it is, however, certainly greater than the depth 
of the immediate valley of the river, where asection of from thirty-five 
to forty feet is exposed. Some of the lower and finer beds are often, 
twisted and bent, though not showing any evidence of false bedding. 
This I can only attribute to the action of floating ice-cakes in the 
former lake. Small flattened nodules are occasionally found forming 
horizontal lines in the deposit. Though deep and very uniform in the 
centre of the valley, the alluvium does not maintain the same homo- 
geniety on approaching the sides, and these appear to have been occupied 
by banks and shoals of rather coarser materials. Several miles before 
reaching the base of Pembina Mountain, on the West, the subsoil is found 
to contain small rolled pebbles, of which the greater part are derived 
from the clay-shales of the Pembina Mountain group. Nine miles from 
the base of the mountain, a well, dug eight feet deep, passed for that 
depth through very fine, clean, silicious sand. Occasional thin layers 
holding coarser particles occur even in the centre of the valley. One 
which was called a “sand,” when the argillaceous matter was washed 
away, was found to consist of very minute rounded fragments of the 
Cretaceous clay-shales above mentioned. 

576. The typical deposit, however, where I have examined it, in the 
vicinity of Red River, is a fine yellowish marly and arenaceous clay, holding a 
good deal of calcareous matter, and effervescing freely with an acid. Under 
the microscope the coarser siliceous particles, in their average size, vary 
from 0-002 to 0:001 of an inch in diameter, and there is much formless 
argillaceous matter. 

From the occurrence of recognisable fragments of Cretaceous No. 4 
in many places, it is probable that rocks of the Cretaceous series may 
have contributed largely to the formation of the alluvium, as indeed 
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might be presupposed from their relative positions. It is likely that 
the calcareous matter is much of it derived from the chalky beds 
of No. 3. 

577. In sections on the Roseau River, the edge of the alluvial 
deposit is found resting on the coarser sands and gravels of the drift; 
and in the neighbourhood of Lower Fort Garry and elsewhere, accord- 
ing to Prof. Hind’s sections, it rests directly on boulder-clay.* In the 
vicinity of the town of Winnipeg, boring for water has already been 
somewhat extensively carried out, for information concerning which I 
have again to thank Mr. A. L. Russell. Water has generally been 
obtained at from forty-five to sixty-five feet, the average being about 
fifty. The general section met with is thus stated: 


Black loamy 5 2ii.ds ise ener d OS 3 CelOk ey heehee le wee about 4 feet 
Yellow mud and “sand » oi .'s 0:2 oispim wes helene pan oa 
Bhie fand amd qikali ws. 2). <5 sss nainehs ae ek ae ee ow, Se 
Limestone concrete, resembling the bed of a river, and 

CAYTYING WADET 5... .cniccen mals ae ake ek ee eee Ae 


The most instructive Section of the deposits of the valley, is, how- 
ever, that obtained in a deep boring at Fargo, Dakota, about 150 miles 
south of the Line. The record is as follows, as given by Professor 
Thomas :— f 





Boil hs. Jane. noe Cee URS eee ER ite c eee eee een 3 feet. 
White and yellow (or drab) clay ...%..s -nssncplen manne 50. . 
Wine Gark Cay’... es sas 'nne eens oe bee vee ae eee eee an). 
Small stone; and gravel.) . .)skitiwis « det’. bull pica abe 10 : 
Hard clay (‘hard pan’) mixed with gravel and 

boulders Ee ork OO OES, ches he eas aie eee ee oe 
Soft, dark-blue; shale... . 5 dies. «su60.3.§ sytem gee ae eeate kn ani 
Cosrse SANU-TOCEH .. ...5 5 .0%5 0s vas halen bck se Ree Bis 7 
Soapstone, 3.20'554 2. I, OS Ee ee eek ee eye 

262 


The two sections may be thus paralleled :— 


Winnipeg. Fargo. 
BOOR oso tana bos Ge wha is Sain ohe Wie 4 3 feet 
Upper lacustrine deposit.............+5 6 hs 
Lower lacustrine deposit............+0. 30 ee 
Modified arift's3.. 5 Oaks RR unknown 10 Mi 
Bondder LUGS coe. bi 'es' bende ti kee ee S 116 
CreGaceOUn TORRE... ois esses cole utd Re a 43. = 


The lower parts of the lacustrine deposit may have been formed at a 
time when the sheet of water was not limited by the Red River Valley, 
and perhaps even before the sea water finally left the area. 


* Papers relative to Exploration between Lake Superior and Red River, 
t U.S. Geol, Surv. Territ., 1872, p. 301, 
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578. The deposit of the Red River Valley, compares closely with the 
loess of the Rhine, and with the alluvial deposits which occur on the Mis- 
souri River and its branches, as high up as Ft. Pierre. The valley of the 
Missouri, like that of the Red River, appears to be floored by a very fine 
deposit, from beneath which as the ground rises at the sides, the stony 
material of the drift emerges. The term yellow marl, has been applied to 
these light-coloured alluvial beds, but some confusion has arisen from the 
use of the same name, to designate similar but coarser deposits, of the 
surrounding highlands, which belong properly to the glacial drift. The 
yellow marl deposits of the vallies, and the light coloured marly drifts 
from which much of their material has been derived, are alike character- 
ized by their extremely favourable influence on the overlying soil; and 
all who have studied the agricultural resources of the Western States and 
territories, concur in attributing the inexhaustable fertility of the soils 
of the lower level prairies, to the wide distribution of this marly material. 

579. South of the Line, the pale marly drift seems to extend on the 
Missouri as far west as the great bend, and southward to cover the 
entire eastern part of Nebraska. It would appear to be limited 
westward, by the gradually increasing elevation of the prairie, in that 
direction, and to spread out in a _ fan-shaped form, from the 
southern end of the great -north and south depression, which the Red 
River Valley in part occupies. It is, no doubt, connected with the 
northern drift, and by description agrees exactly with the pale-coloured 
and marly drifts developed in British America, from the edge of the 
Pembina Escarpment westward to the foot of the Missouri Coteau, thus 
occupying the whole of the second great prairie steppe. 

580. The similarity of the yellow marly alluvium of the Missouri 
and Red River vallies, is not one of chance merely, nor to be accounted 
for altogether by the resemblance of the glacial drift from which much 
of the material has been derived. The trough of the Red River Valley is 
continuous beyond the source of the river, and passing southward from 
Traverse Lake, from which the river rises, it still preserves its 
character and direction, and in about six miles, Big Stone Lake, the 
waters of which empty into the Mississippi River, is attained. In thus 
passing over the watershed between Hudson Bay and the Gulf of Mexico, 
the elevation is found to be at no point greater than from 960 to 970 feet 
above the sea. The figures are from Prof. Thomas’ report; who has 
drawn attention to the importance of this remarkable physical feature.* 


* U.S. Geol, Surv. Territ., 1872, p. 291. 
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Prof. Winchell, who has visited the locality, thus describes it:—“A 
continuous valley, between bluffs of the same form and appearance, and 
of nearly the same depth, connects the two lakes, giving the impression 
of one valley instead of two. The short interval constituting the divide 
between the two lakes is usually without water, but is often overflowed 
by the spring freshets, when a continuous overland watercourse is estab- 
lished between the Gulf of Mexico and Hudson’s Bay.” * 

581. The waters of the lake of the Red River Valley, even if ie 
attaining the level of the margins of the great alluvial deposit on the 
Boundary-line, would flow freely through this gap, which must then have 
formed a narrow strait, connecting the great northern lake, with that 
occupying the vallies of the Mississippi and Missouri; and at an earlier 
stage in the history of the continent, when the waters were deeper, the 
communication must have been quite free. In some parts of the loess 
deposit of the Missouri, the remains of fresh-water and land shells, 
mingled with bones of the Bison, the Mastodon and other lately extinct, 
or still surviving forms, have been found.t The fresh-water origin of 
the deposit is thus demonstrated, but the further difficulty at once pre- 
sents itself, that there is no trace of any efficient barrier southward to 
hold in the great lake now required, and if the depression of the con- 
tinent was such as to render a barrier unnecessary, the water filling 
the vallies must almost certainly have been that of the sea. This has 
been ingeniously accounted for by supposing that in such a comparatively 
land-locked area, the flow of fresh water from the rivers and streams 
would be sufficient to effect the exclusion of the salt. 

582. Information is wanting as to the nature of the barrier existing 
in the northern part of the great Red River Valley, which prevented the 
waters of the region from draining away, as they now do, by a hollow 
across the Laurentian plateau. It may probably, however, have con- 
sisted of moraine rubbish, or boulder-clay. On the supposition that the 
deposits were formed in a fresh-water arm of the sea, which opened 
southward, it cannot be supposed that any passage existed northward 
also, or the tidal currents would have rendered the entire area salt. 

583. The wide trough-like valleys, much depressed below the 
general level of the plains in which most of the rivers of the west flow, 
and in which the river itself is generally small and pursues a winding 
course, usually show a considerable thickness of nearly horizontal 
alluvial deposits, which, like that of the Red River Valley, have been 


*Second Annwal Report Geol. Surv. Minnesota. + Hayden. Final Report on Nebraska, p. 10. 
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produced in post-glacial times. Some of these have been already inci- 
dentally touched upon, and as the importance of these deposits is small 
they will not be further mentioned. In the alluvial deposit forming 
the present bank of the stream, in the bottom of the Souris Valley, 
near the second crossing, about fifteen feet from the surface of the 
water, and six feet below the summit of the bank; a layer was found 
to contain numerous artificial chips and flakes of a hard cherty 
quartzite, for which the position indicates a very considerable antiquity. 
Buttalo bones are also frequently imbedded in these deposits. 


Pre-glacial aspect of the Country. 


584. Having in the above systematic detail, stated the facts as they 
came under observation, it may be well in briefly reviewing the pheno- 
mena, to arrange them in sequence as far as possible ; and that they may 
be better understood, compare these observations with those made in 
other neighbouring regions, and without entering at length into the dis- 
puted questions of glaciation, account for them as seems to me most 
probable. 

585. Before the close of the Tertiary, then, we find that the interior 
region of the continent had lost its character as an area of deposition, 
and had become one in which denudation was progressing rapidly—the 
soft deposits, especially of the lately formed Tertiary beds, suffering by 
this process. We know that waste had been progressing for a very long 
time, not only on the mountains, but over the whole surface of the plains, 
before the advent of the period of cold. There is every reason to 
believe, that the Laurentian highlands had at this time a very much 
rougher and more mountainous character than at present; while on the 
plains, the main drainage systems were already marked out, and there 
is much evidence to show that every river and stream, if not flowing in 
exactly the same course as now, had at least its prototype. 

586. The position of the valley of the Red River, must always have 
been that of an important stream, from its relations to the slope of the 
Laurentian on the east and the softer Cretaceous rocks on the west. I 
think it very probable, however, that in pre-glacial times it flowed south- 
ward, and it is even possible that the waters of the great Saskatchewan 
River also thus found exit, and were tributary to the representative of the 
Mississippi of to-day. For the Red River, a southern course would be 
the one coinciding with the general slope of the country ; and by the flow 
of a large volume of water in this direction, the excavation of the basins 
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of the Winnipeg group of lakes, and the great valley of the Red River 


itself, can be explained; the river cutting downward and westward on 
the sloping surface of the Laurentian rocks, at the expense of the Creta- 
ceous strata, and later, of the limestones of the Devonian and Silurian. 
The subsequent blocking up of the southern exit, and changed direction of 


flow, being a phenomenon only similar to that which is known to have 


taken place with the Great Lakes of the St. Lawrence. 

587. The altitude of Lake Winnipeg is about 710 feet. That of the 
surface of the prairie on the forty-ninth parallel, 786 feet, the depth of 
the alluvial deposits and drift being unknown. At Fargo, the elevation 
of the surface of the prairie is 900 feet, but that of the surface of the 
underlying Cretaceous beds, as proved by boring, is only 680 feet, and the 
rod may not have descended in the deepest part of the old valley. The 
surface of the ground forming the watershed between Traverse Lake and 
Big Stone Lake—as already stated—is only from 960 to 970 feet, and here 
the continuation of the great drift ridge of the Coteau should cross the 
valley. The present surface of the Mississippi at St. Paul is 670 feet. 
Prof. Thomas has drawn attention to the general direction of the tribu- 
taries of the Red River; asa rule those on the west side flow south-east, and 
those on the east side south-west, till they approach the main stream, 
when some of them tend abruptly northward.* This is a sugestive fact, 
as indicating the primitive southern slope of those parts of the hollow 
least encumbered by drift or alluvium. . 

The evidence with regard to the former drainage of the Lake of the 
Woods region, and the course of the tributaries of the Red River, has 
already been fully stated. + 

588. Exactly how the glacial period was introduced, in the area in 
question, or by what phenomena its beginning was marked, it is now 
very difficult, if not impossible to tell. Nor can any reliable estimate of 
its duration be formed, for the effect ofthe later periods has been, not merely 
to obliterate more or less many of the former physical features of the couns 
try, but such as to cover up and conceal those which antecedent glaciation 
may have produced. There is nothing to show, however, that glacial 


*U. S. Geol. Surv. Territ., 1872, p. 283. 

t Since the above was written, I find that similar conclusions have been arrived at by Major General 
G. K. Warren, and published by him as ‘‘ An Essay concerning important Physical Features exhibited in 
the Valley of the Minnesota River, and upon their signification ” being part II. of Report on Minnesota 
River, submitted to Brig. Gen, A. A. Humphreys, Chief of Engineers, Oct. 31,1874. I am indebted to 
Maj. Gen. Warren for copies of his essay, to which I would refer, as throwing very important light on 
some phenomena connected with the glacial period. It is very gratifying to find my conclusion as to the 
former southern outflow of Lake Winnipeg, &c., borne out by an entirely independent study of the Min- 
nesota River, which must have carried its waters. I cannot agree with Gen. Warren, however, in making 
the formation of the great southern outlet post-glacial [loc cit. p. 8,] as 1 think the evidence of its pre-glacial 
formation is complete, and that it was after the glacial period re-occupied. 
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conditions prevailed for a very long period before that of the greatest sub- 
sidence, nor do we meet with any phenomena not easily explicable by the 
action of the waters and ice during the subsidence and subsequent eleva- 
tion. There is also reason to believe that the elevation took place rapidly 
as compared with the subsidence. 


589. The first act, then, in the sequence of the cold period, which 
can be definitely recalled by its effects, is that in which we find the 
waters gaining upon the land, and flowing up over a great part of the 
eastern plains. The wide channel thus formed along the western base 
of the Laurentian region, though it may have existed for some time in the 
form of two deep bays, one opening northward to the Arctic Sea, the 
other southward, and separated by the highland of the present second 
transverse watershed ; must soon have formed an open strait between the 
Arctic and Southern Oceans. At this period, if not before, it must have 
been invaded by the saltwaters of the sea; and it was encumbered with 
icebergs which were strewing boulders and finer detrital matter over the 
former surface of the land, and producing the lowest portions of the drift. 
There is no indication on the Laurentian plateau to the east and north, 
of a great northern ice-cap, such as-has been supposed to be necessary to 
account for the glaciation of certain regions. The slopes of the plateau, 
as already shown, are too gentle to account for the descent of 
glaciers from it in the ordinary way except on a scale altogether 
too small to explain the general uniformity and amount of its glacia- 
tion. I can therefore only suppose that this plateau, or gently sloping 
ridge, of granitic and gneissic rocks; was covered by a thickness of ice 
sufficient to form a confluent glacier, which by its own weight, rein- 
forced by the gentle inclination of the rocks, moved forward along 
its whole front into the sea. The subsidence continuing, the condi- 
tious of a sea margin passed in succession ‘westward over each part 
of the plain; then that of water deep enough for ice of small burthen 
only, and lastly deep water, bearing icebergs of great size. In conform- 
ity with this sequence, we find on the higher levels the lower portion of 
the deposit to have a decidedly local character, and that in ascending in it, 
travelled stones become larger and more frequent, while in the superficial 
layers the larger boulders are most abundant. 

590. On leaving the eastern region, we cease to find in grooving 
and striation, a guide to the direction of the action of the glaciat- 
ing force, and must trust instead to the distribution of the rocky frag- 
ments. Southward, however, as far as lat. 41° on the Mississippi River, 
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where Carboniferous limestones come to the surface, they are smoothed 
by the action of ice, and show north-east and south-west striation, crossed 
by scratching in other directions.* Similar phenomena would no doubt 
generally present themselves over the area of the plains, were there 
surfaces of hard rock to receive and preserve them. 

591. Reaching the level of the foot of the third prairie steppe, the 
edge of which had already been marked out by sub-aerial denudation, 
the action of the waves on its base no doubt rendered it more 
definite, and the heavier ice following them, and grounding on its lower 
slopes, began the deposition of the Coteau. It may be that the degreda- 
tion of the Laurentian hills was at this time proceeding with increased 
rapidity, but in any case this deposit, formed in great part of their 
material, must have increased equally fast with the depression of the 
land, and preserved the edge of the Lignite plateau from the destructive 
action of the waves. 

592. The average height of the Coteau near the forty-ninth parallel, 


may be taken at about 2,200 feet; and above this the higher hammocks > 


and ridges probably do not rise more than fifty to eighty, or one hundred 
feet. Its southern extensions have an average altitude of 2,000 feet. 
It is not necessary to suppose that the shore line stood for along time 
nearly at this level, for the heavier ice masses no doubt continued 
grounding on the edge of the third plateau, even when the waters stood 
near their greatest elevation. The data are perhaps yet too slight for 
generalization, but there appears to be a tendency in the Coteau to 
occupy a somewhat lower level southward, which may indicate a less 
subsidence in that direction. 

593. East of the Red River, we find the great drift plateau stretching 
southward and westward from the Lake of the Woods, with an average 
elevation varying from 1,600 to 1,000 feet; and which, though doubtless 
everywhere based on the boulder clay, shows in its upper layers a con- 
siderable thickness of roughly stratified sands and gravel, indicating the 
action of rapid and varying currents. On these rest the scattered boulders 
deposited at a still later period. 

594. Probably contemporaneous in origin with the plateau just 
referred to, are the terraces with a level of 1,435 feet, which Prof. Hind 
describes at Dog Portage, two hundred miles east of Lake of the Woods, 
on the Lake Superior side of the watershed. These he afterwards 
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compares with high-level terraces, found on the hills west of Manitoba 
Lake, with an estimated height of 1,428 feet, and five hundred miles distant. 
We have therefore the most satisfactory evidence of the former depres- 
sion of the land to this extent in the eastern region, and it is difficult to 
understand by what waters it was covered, if not those of the sea. The 
correspondence in height of these terraces, and the plateau south of the 
Lake of the Wools, is remarkable. The height of Methy Portage— 
1,566 feet—which according to Sir J. Richardson’s description may be a 
similar drift plateau, with a northward-facing escarpment, also corres- 
ponds; and so, in a general way, does the average height of the Lauren- 
tian axis, and that of the southern part of the Coteau. Supposing the 
depression to have been everywhere equal, the water must at this time 


have reached to near the foot of the third prairie steppe, on the forty- 
ninth parallel. 


595. On passing up on to the higher levels of the prairie, we 
continue to find proof of the former action of the sea at yet greater 
elevations. On the summit of the third prairie steppe, with an average 
altitude of about 3,000 feet, debris of Laurentian and its flanking Silurian 
limestones is found over nearly the whole area; though now mingled 
with a preponderating quantity of Quartzite drift from the Rocky 
Mountains, and in many cases with a great proportion of softer material 
from the underlying rocks. The river valleys, and lower levels, fre- 
quently show true till or boulder-clay, while the summits of the plateaus 
are generally covered with shingly deposits, which may have been 
derived in part from the re-arrangement of boulder-clay, but appear to 
consist chiefly of beach material, like that of the flanks of the Rocky 
Mountains, and may have been carried here by small icebergs from the 
mountains themselves, or by shore ice. The larger icebergs, with Lau- 
rentian and Silurian limestone debris, must have drifted to the west or 
south-west with a prevailing current, bearing the moraine matter of 
glaciers; while the smaller bergs and floes of the Rocky Mountains, 
came generally eastward with prevalent winds or surface currents. It 
does not appear probable that they came directly eastward. They may 
have come from the south-east, borne by a superficial current mingling 
with adeep northern flow, in a manner analagous to the Arctic current 
and Gulf stream on the Newfoundland banks; or, perhaps even more 
probably, have floated from the north-west, or possibly from the north, 
touching here and there on their way on the shores of the Rocky 
Mountain land, 
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596, Fragments of Laurentian, and of eastern limestone, were met 
with on the forty-ninth parallel, as far west as longitude 113° 20’, at 
an elevation somewhat exceeding 4,000 feet. Dr. Hector, examining 
a region further to the north, did not find the ordinary Laurentian 
erratics above 3,000 feet, but described a remarkable line of very*large 
red granite boulders, as occupying alevel of 3,700 feet.** He is uncertain 
whether these may have come from the Laurentian or not ; but taking 
into consideration the absence of granitic rocks on the eastern flanks of 
the mountains in British America, and the fact that such rocks do not 
occur in place over the entire area of the plains, it is highly probable 
that they are of eastern origin. 

597. The estimated height of the highest terraces chases those in 
the mouth of the South Kootanie Pass, is 4,400 feet, and I have little 
doubt but that these are of marine origin. About thirty-six miles north 
of the Line, Lieut. Blakiston measured three terrace levels, and found 
them to be 4,226, 4,176, 4,085 feet, respectively, in altitude above the sea. 
He describes them as “very marked, appearing as a suecession of steps 
from the level of the river to the plain above, often in sight for miles, 
and running horizontally.” Dr. Hector also measured similar terraces 
at the head waters of the Bow, North Saskatchewan, and Athabasca 
Rivers, and states that they ‘ may be considered as ranging on the east 
side of the Rocky Mountains, from 3,500 to 4,500 feet above the sea.” + 
He further says “ until we approach close to the mountains, these 
terrace deposits are confined to the vallies of the larger streams, but 
gradually they spread out, and at last cover ithe whole country along 
the base of the mountains, filling up the hollows and vallies of the outer 
ranges to a depth of several hundred feet.” { ‘ Shingle beds of a similar 
kind are found to cap the Cypress Hills, which have an altitude above 
the sea of 3,800 feet.”” These hills, as has been already stated, are without 
doubt an extension of the plateau of the Lignite Tertiary, and the whole 
of these shingle beds and terraces belong to the deposit which I have 
called the Quartzite drift. Yet further north, on the upper waters of the 
Peace River, Sir Alexander Mackenzie describes the country as step- 
like or terraced as far as the eye could reach, His voyage was made in 
the year 1793, and though not viewing the country with the eye of a 
geologist, he appears to have made remarkably careful and accurate 


observations. 
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598. Dr. Hector concludes from the relations of the drift deposits of 
the west side of the Rocky Mountains with the Cascade Range, that the 
depression there cannot have exceeded about 4,000 feet.* The water 
which stood at this elevation can have been that of the ocean only, and 
though foreign drift is not met with on the Rocky Mountains, or their 
slopes, it is not to be concluded that the sea was free from ice ; for at 
this time the eastern granitic region, which had always been the great 
source of erratics, must have been deeply submerged. Its ponderous ice- 
cap may have maintained itself for some time after the water was 
actually above the level of the rocky substratum, but must ere this have 
succumbed. ’ 

599. Dr. Hayden speaking of regions further southward, where the 
elevated plains of the extreme west are higher, and stretch further 
from the mountains, insists on the same fact. He writes: “ As I have so 
often stated in my previous reports, I have never been able to find any 
evidence in the Rocky Mountain region of what is usually termed a 
northern drift.” + In mentioning the occurrence of terraces on the 
western tributaries of the Missouri, in the Rocky Mountains, he states his 
belief in the common origin of these, and those on the western side of the 
same range, and in the fact that the mountains may have been depressed, 
till only their highest peaks rose above the waters. f 

600. There is no evidence that this period of maximum depression 
endured long, nor that during the re-elevation of the continent, the waves 
acted long at any particular level; and though ice, bearing debris, no 
doubt still encumbered the waters, it does not seem necessary to suppose 
that any important additions to the deposits took place at this time. 
Some beds which may in part be composed of modified and re-arranged 
boulder-clay, such especially as those of the third prairie steppe, and of 
the plateau south of the Lake of the Woods, may perhaps, however, owe 


their present appearance to action at this time. 


601. On the retreat of the sea, each part of the country would again 
become for a short time a shore-line, and the rivers and streams on the 
emergence of the land, appear in most cases to have resumed their former 
channels, and began to re-excavate their beds in the drift material with 
which they had been filled. At one period, as Dr. Hector has pointed 
out, a great bay must have existed, bounded southward and westward by 
the curved line of the Coteau and third prairie escarpment, and north- 


* Exploration of British North America, p. 224. 
+ U, 8S. Geol, Surv, Territ., 1872. p. 85. t U.S. Geol, Surv. Territ., 1870. p. 174. 
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ward by the high ground beyond the position of the present Saskatchewan 
River. At this time, the north and south branches of the Saskatchewan 
formed separate rivers, and divided between them the whole of the 
drainage of the third plateau. Turtle Mountain, and other similar accumu- 
lations of drift, and the high hills of the Cretaceous, overlooking Manitoba 
Lake, formed islands or shoals, The edge of the Pembina escarpment 
and the second steppe next becoming the shore, the united waters of 
the Saskatchewan, the Assineboine, and other smaller streams, flowed 
eastward into the inlet of sea-water, occupying the lowest prairie level, 
which, as the elevation continued, became that great lake of the Red 
River Valley, the history of which has been already traced. There is 
evidence, too, to show that as the Laurentian region rose above the water, 
it was again covered with glaciers for a short time; but that these did 
not last till the very close of the submergence, appears to be shown by 
the very fine character of a!l the later deposits of the Red River Valley. 
The few fragments of rocks which are found, being not more than may, 
with probability, be attributed to the ice of the great lake itself. 


602. In attributing the glacial phenomena presented by the central 
plateau of the continent, almost entirely to sea borne ice-bergs, I have 
adopted that explanation which appeared on consideration of the facts, 
to embrace them best, and which would account for them most simply. 
In so doing I am in accord with Dr. Hector, and also I believe with Dr. 
Hayden; who have studied the phenomena most extensively on the 
ground. That some circumstances, however, give at least negative 
evidence against marine glaciation, must be admitted. The most 
important of these is the complete absence, so far as I have observed, of 
any marine animal remains in the drift. Thisis found equally over the 
entire western portion of America, and though it has been supposed to 
show that the drift was deposited in fresh water, this explanation does 
not seem to remove the difficulty. It is impossible to imagine a sub- 
mergence so great in amount as to overflow nearly all the barriers, with 
the continued exclusion of salt waters; and though the absence of 
marine shells is remarkable, on one supposition, that of lacustrine forms 
is almost equally so, on the other. That molluscous remains might have 


been preserved, had they been imbedded in the deposit, is shown by the — 


occurrence of specimens of Cretaceous or Tertiary Ostreas. The non- 
occurrence of molluscs in great deposits older than the drift, and known 
to be of marine origin, is however, an accepted fact ; and in such conglo- 
meritic beds as those of the drift, it is most frequently observed, Recent 
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dredging operations, also, in the vicinity of the south polar glaciers, 
seem to show the possibility of the deposit of non-fossiliferous marine 
boulder-clay. 

603. The second difficulty, is found in the comparatively small amount 
of change, which has been wrought on the extensive area of the plains, 
composed of yielding, scarcely solidified sediments, by so vast a revolution 
in physical geography as that implied by the old water marks. This 
objection, however, applies even more forcibly to any general system of 
glaciation by a northern ice-cap; and it is scarcely possible to imagine 
a mass of ice, like that implied by such a theory, passing southward 
across the soft rocks of the plains, against the general slope of the 
country, and yet not obliterating its pre-formed river valleys and 
features. Such a continental glacier, too, though it might have been 
loaded with Laurentian debris on its eastern margin, and with frag- 
ments from the Rocky Mountains on the west, can scarcely account for 
the west and east transport of these materials for hundreds of miles, 
and their deposit in great quantities in the central region. If such an 
ice mass, be supposed instead, to have moved down at right angles to the 
Laurentian axis, and passed out across the plains in an unbroken sheet; 
setting aside the difficulty of supplying an efficient motor power, and 
other minor circumstances; it will be found necessary to suppose that it 
climbed up and over the abrupt eastern edge of the second steppe, with- 
out destroying it, and proceeded 700 miles westward up an_ incline 
averaging about five feet per mile. 

604. Mr. Belt, in an interesting paper lately published,* deals with 
similar difficulties in explaining the glaciation of Siberia. The northern 
part of Asia, surrounded on all sides save the north, by mountain chains, 
forms an interior continental basin, covered with “vast level sheets of 
sand and loam.” Marine shells are absent from the deposits, except near 
the low ground of the northern coast, and true boulder-clay is apparently 
not found. Mr. Belt, to account for the facts, resorts to a theory first 
suggested by him eight years ago, by which he supposes the existence 
of a polar ice-sheet, capable of blocking up the entire northern front of 
the country, and holding back its waters to form an immense fresh-water 
lake. Prof. N. H. Winchell, in an article in the “Popular Science 
Monthly,” of June, 1873, broadly accounts for the glacial phenomena of 
the North-west, on the supposition of a polar glacier. His illustrations 
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are chiefly borrowed from a careful study of the region south of the — ; 
great lakes of the St. Lawrence, but as he includes the valley of the Red 
River, and the entire North-west, in his deductions, its mention here may 
not be inappropriate. The most suggestive part of the paper is that in 
which—like Mr. Belt— he traces the necessary production of a great — 
inland sea, or lake, as the foot of such an ice-sheet as that supposed, 
gradually retreats northward down an inclined plane. 

605. Ingenious as this hypothesis undoubtedly is, its inapplicabiliijels 
the phenomena and physical features of the region now under considera- 
tion, must be at once apparent. The great depth to which submergence took 
place is one of the most patent difficulties. From the description of the 
Red River Valley ali eady given, it will be evident that the entire drainage 
of the great lake must have passed southward byit. There is here no 
range of mountains to be crossed, and unless the retreat of the glacier 
Was very rapid, no reason can be assigned, why a channel once formed, 
should not have been cut down through the gentle swell of the watershed, 
and remained the permanent exit of the drainage of the country. Again, 
the distribution of northern erratics in lines fixed by the altitude of the 
country, and their equal spread over the central and marginal regions of 
the plains, and the interpenetration of the eastern and western drift, do 
not admit of explanation on the supposition of a southward ‘moving ice 
sheet ; nor does the surface of the country show any trace of the progress 
of such a mass. The whole question is a very interesting one, and it 
would seem probable that a solution once arrived at, will be found to 
apply equally to North America and Northern Asia. 


Post-Glacial Phenomena. 

606. The existence of a period characterized by great rainfall, or 
pluvial period, has been very generally supposed for the West. Such an 
event may probably have supervened at the end of the epoch of glacia- 
tion, but it would seem that much of the evidence brought to pee its 
occurrence is not of the most unexceptionable nature. 

607. Chief among the phenomena which at first sight seem to imply 
the action of large bodies of running water, are the great vallies which the 
streams of the prairie country, themselves often so insignificant, have 
produced in the yielding strata. These vallies, like that of the Pembina 
River, are sometimes more than three hundred feet in depth below the 
plain, and over a mile in width; and are frequently depressed more than 
one hundred feet below the general surface. The stream generally occu- 








GLACIAL PHENOMENA AND SUPERFICIAL DEPOSITS. 263 


pies but a very narrow strip of the bottom of the valley, and winds often 
in the most tortuous manner from side to side of its level floor. It is 
usually the first idea of a traveller, that’a great river has occupied the 
"valley at some former time, and completely filled it. A little consider- 
ation, however, serves to modify this belief, and it is very generally found 
onexamination that the comparatively puny stream by reason of its tor- 
tuous character, is still in some places excavating and undermining the 
banks of the main valley. Evidence is also found of the constant change 
of the position of the stream in the flat valley bottom, and places may be 
seen, where the excavations of late years are being covered by a sod 
of grass. Given only time enough, and the formation of these great 
woughs in the prairie, is accounted for by forces still in operation. 
There are valleys, it is true, which do not show any erosion of their 
sides now going on, and in which the immediate hollow of the 
stream is deeply cut, and a condition of comparative equilibrium 
attained. Some of these, may require for their explanation a period 
of greater rain; but at a certain stage of developement, every valley 
is apt to fall into this state, if the flow of water be not actually 
increasing. 

608. The valley of the Souris River, gives some excellent illustrations. 
Near Wood End it is of an average width of about one fourth of a mile. 
The stream is quite small, and in summer barely runs from pool to pool, 
between the stones of its bed; yet it is found, that at afmost every convex 
bend, the banks are scarped and bare, and are year by year being under- 
mined. For about six miles, the river preserves the same character, and 
then joins, almost at right angles, a larger old valley, about a mile wide, 
in which there is no flow of water above the place of junction. Here, 
though there is abundant evidence of the changeable nature of the river 
bed, in the presence of lagoon-like ponds, the banks are comparatively 
ruinous, and covered with vegetation, and are seldom approached by 
the stream. 

609. The rivers are‘ proved to have frequently changed their 
courses, and great valleys occur in which little or no present waterflow 
takes place, but which may once have carried important streams, now 
diverted. Prof. Hind has shown that the South Saskatchewan probably 
flowed at a former period by the great valley now occupied by the 
Qu’ Appelle, and River That Turns, to the Assineboine.* If the part of 
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the valley separating the sources of the Qu’Appelle and River That 
Turns, has not been heightened very considerably by the accumulation in 
it of debris from its sides, the South Saskatchewan must have cut 
down its present bed, since its occupation, about eighty-five feet. Prof. | 
Hind also believes that the Souris River flowed southward at one time 
through the great depression now occupied by the Back Fat Lakes, and 
joined the Pembina River, a fact which may assist in explaining the for- 
mation of the great valley of the latter. Such changes of bed may have 
arisen from some general alteration in the inclination of the country, and 
itis perhaps worthy of remark, that both the instances cited, show change 
from courses easterly and southerly, to north-easterly ; and such as would 
be brought about by a slight elevatory movement of the transverse 
watershed in the vicinity of the forty-ninth parallel, or an increase of | 
depression northward. 

610. One of the most remarkable instances met with of this sort 
of change, is that of the disused second valley of the Souris, near its first 
intersection with the Line. The old valley lies to the east of the present 
one, and is separated from it by about two miles of prairie. They are 
about equally wide, and depressed about 90 feet below the general sur- 
face, though from a barometric comparison, the valley of the present 
stream appears to be from ten to eighteen feet below the disused one. In 
the old valley, the course of the stream is still discernable, and is occupied 
in some places by small, and somewhat saline pools. 

611. Another striking instance is found in the Great Dry Coulée, 
which joins the valley of the Milk River, a few miles north of the Line, 
and, according to Palliser, extends north-westward to the junction of the 
Bow and Belly Rivers. About equidistant from the Milk River and the 
latter locality, the valley contains a large saline lake, known as Peekopee. 
It would appear that the waters of the Bow and Belly must at some time 
have passed thus to the Milk River, and if this is the case, a northward 
diversion of the water must have taken place here also. 

612. The so-called Riviere des Lacs, which crosses the Line at the 227 
mile point, also seems to occupy the bed of a former stream. This sheet 
of water, where it*is intersected by the Line, must be nearly three quarters 
of a mile wide, and is not fordable. It occupies the bottom of a valley, and 
is over fifty feet below the prairie level. Northward, it extends about 
four miles, becoming gradually narrower, and ending in a broad, dry 
coulée, which shallows and dies away in a strip of boulder-covered ground, 
which stretches northward toward the Souris River, five miles distant, 
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and is somewhat lower than the general surface of the plain. Southward, 
it is said to extend about seventy miles, and finally to join the southern 
bend of the Souris River, where it gives issue to a small running stream. 
The present condition of affairs, however, wiil not serve to explain its 
formation, nor does it resemble the bed of an old tributary to the Souris, 
from its sudden northward ending, and the absence of systems of coulées 
ramifying fromit. It may be accounted for by supposing that it has 
been a former shorter channel of the Souris itself, but in that case, either 
its northern end must since in some way have been blocked up; or the 
river being dammed back in its own channel, has spread over the prairie 
in a lake-like expansion, which has finally found exit southward by the 
Riviere des Lacs Valley. The valley occupies just the position, which 
such flood water would take, and bends round the most eastern portion of 
the high ground, rising toward the third prairie steppe. 

613. Vallies such as those above described, appear, from the accounts 
of different explorers, to occur in many parts of the great prairie region,* 
and though some of them may tend to show the action of greater bodies of 
water than those now flowing in them, they cannot all be accounted for 
in this way. It is difficult to conceive any ordinary circumstance, which 
would cause a stream to leave a wide valley, often over 100 feet in depth, 
and to commence the formation ofa new channel of like proportions. 
The blocking of the stream by ice jams, or accumulations of timber, 
though capable of explaining change of course in rivers flowing through 
alluvial country, not much below the general level, cannot be supposed 
to be a sufficient cause for deflexion on so great a scale. A careful study 
of these phenomena, over great areas, may eventually bring to light some 
general cause, such as local, or unequal, elevation or depression. At 
present I can only account for these duplicate vallies, on the supposition 
that most of them are alternative channels, of the streams at present in 
existence. In a level region, composed of soft materials, it is probable 
that since the rivers first flowed across its surface, they have been subject 
from ice and timber, to frequent obstruction in certain places. Before 
the river bed had been deeply worn into the surface, the stream might 
thus easily be turned aside; and before many years, a similar occurrence 
in the new channel might cause it to revert to the old. By such oscilla- 
tion, a single river may cut out two or more beds simultaneously, and to 
nearly an equal depth. Some of these great dry vallies, may again 
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become river channels, but in most cases they seem to have been 
now long disused. This may arise either from a gradual decrease in the 
amount of flowing water, and in the intensity of the spring floods; or 
from an increasing scarcity of timber capable of forming obstructions, in 
the regions traversed by the streams, which seems on other grounds to 
be undeniable. 

614. The Red River is still not far below the level of its bordering 
prairie, and from the fixed elevation of its out-fall in Lake Winnipeg, cannot 
be lowering its bed appreciably, though the bordering prairie is no doubt 
gradually gaining somewhat in height from the sediment deposited in 
seasons of flood. The course of the river is exceedingly tortuous, and 
it is yearly becoming more so. An examination will show that all the 
concave sides of the bends are being eaten away by the stream, and the 
stumps of old half-buried oak, and elm trees, being there exposed; while the 
opposite, or convex sides are almost invariably gaining by the addition of 
banks of sediment, which as soon as they are formed are taken possession 
of by thickets of young willows, and consolidated by their roots. When 
this process has been carried to an extreme, it is naturally remedied by 
the breaking of the water across one of the narrow necks separating 
two of the bends, during some period of excessive flood, and the formation 
of anew course. I do not know of any very modern instance of this, but 
old portions of the river-channel, may frequently be observed forming 
ponds and small lakes on the prairie, sometimes more than a mile from 
the present stream. These, like the parent river, may be fringed 
with trees, and are generally surrounded by a dense growth of reeds, and 
filled with rank aquatic vegetation. 

615. The floods of this river, arising from the melting snow in spring, 
are intensified by its northern course; the sources being broken up and in 
flood, while the ice at its mouth is still quite firm. Extensive ice-jams 
are apt to form, and a small increase in the elevation of the water 
above the banks, serves to overflow a great area of 'country. The 


silting up of the mouth of the river, may also, as has been suggested, | 


have something to do with the recurrence of great floods at somewhat 


reguar intervals, and may require some such natural paroxysm for 


its remedy. 

616. The systems of ramifying coulées with gently sloping grassy 
banks, but with neither brooks nor regular stream courses, when seen 
during the dry weather of summer, may seem to require for their expla- 
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nation some aqueous agency more potent than the present, and appear to 
resemble the disused beds of large tributary streams. To any one, how- 
ever, who has examined them in early spring, and during seasons of flood, 
their origin is apparent. The whole thickness of the soft prairie alluvium, 
is then completely saturated with moisture, and the coulées are brim- 
full with water, holding in suspension a great quantity of fine earthy 


matter, and flowing with a regular, though gentle and often scarcely 


perceptible current, toward the main stream. At their extreme rami- 
fications, little streams may be found, gathered together almost imper- 
ceptibly from the half-flooded surface of the prairie, and directed into a 
certain course—perhaps by means of snow-banks, which have not 
yet entirely disappeared—and just engaged in cutting through the 
tough prairie sod in the first process of the extension of the valley. 

617. During the post-glacial emergence of the country, every stream 
must at one time have flowed, as the Red River now does, into a great 
lake not much below its own level, and have been in the same way, more 
or less subject to floods and overflows. Many of the coulées now found 
bordering the river vallies in the higher prairies may date back to this 
time, and may not have since received important incremert. 

618. An examination of the beds of the rivers and streams, while 
probably leaving some balance in favor ofa period of greater rainfall, does 
not appear to offer any evidence of its great intensity. Other 
facts seem to point to the occurrence of a period when the rainfall was 
greater than at present, and it would even seem that a 
gradual dessication is yet proceeding over great areas of the 
west. This does not appear, however, to be more than can be 
accounted for by the decreasing area of forest—a subject elsewhere 
more fully mentioned. It is hardly probable that the prairies as a 
whole have been at any time wooded, but that large areas of forest have 
existed where bare plains now spread, is undoubted. The existence in 
some places of great quantities of the remains of land and fresh-water 
shells in the older river deposit of the Missouri, which now occur rarely 
if at all in the neighbouring region, has been mentioned by Dr. Hayden; 
and seeming to imply for the upper waters of that river at no very 
distant time, a considerable forest area, is one of the most striking 
facts in favour of a change of climate. Any very great or long 
continued excess of rainfall over the prairie region is, however, 
negatived by the appearance which its surface presents, and 
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especially by the existence of large areas which since the drift 
period have never developed systems of drainage valleys, and yet retain 
with little modification the irregular appearance of the original surface 
of the drift deposit, and are dotted with numerous ponds and lakes 
without outfall. The pre-glacial streams too, choked up along the edge 
of the third steppe by the drift of the Coteau, aud which have since 
been unable to clear their channels, give evidence of this kind. 





CHAPTER XI. 


CAPABILITIES OF THE REGION WITH REFERENCE TO 
SETTLEMENT. 


REGION IN THE VICINITY OF THE LAKE OF THE Woops—Areas capable of cultivation 

7 —Barren region—Vegetation of the lake—REGION BETWEEN THE LAKE OF THE 
Woops anD REp River PRatrRiE—Country in the vicinity of the Govern- 
ment Road—Country bordering on the Reed and Roseau Rivers—Height of 
Land Muskeg—Tue Rep River Pratrre—Soil, and nature of the surface— 
Measure of agricultural capacity—Wood—Climate—Progress of the spring 
here and at other points in the Fertile Belt—Rainfall—Water supply— 
CoUNTRY OF THE SECOND PRAIRIE STEPPE—Pembina Escarpment—Western 
margin of the great plains — Turtle Mountain — Timber — Country in the 
vicinity of the Souris River—Meteorological cycle—CouNTRY oF THE THIRD 
PRAIRIE STEPPE—Plateau of the Tertiary—Eastern limit of buffalo—Big 
Camp of half-breeds—Fertile Belt at the base of the mountains—Timber of 
the mountains—Climate of the Third Steppe. 


619. In this chapter it is proposed to examine briefly the nature 
of the country in the vicinity of the 49th parallel; with regard espe- 
cially to its adaptability for settlement and agriculture, and its 
superficial features. The nature of the surface, however, depends so 
closely on the underlying rocks, and especially on the drift deposits, 
where these are largely developed, that much has already of necessity 
been given, which might properly be included here. It is not 
intended to go over any of those general points which have received 
notice, but merely to touch on those which have not yet been men- 
tioned, using the material of the foregoing chapters as a substratum. 


Lake of the Woods Region. 


620. A very small proportion of the country immediately sur- 
rounding the Lake of the Woods, is at all suitable for agricultural 
settlement. The northern and eastern shores are entirely composed 
of barren rock, and though valleys in this district 
the part of it occupied by Huronian rocks—may be found of better 





and especially in 


appearance, the soil will probably be sandy and poor. Pine timber 
of fair growth occurs in some localities, but forest fires have already 
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denuded great areas of both trees and soil, leaving only the bare, 
rounded, rocky substratum of the country. 

621. The areas capable of cultivation are chiefly those based on 
the low terrace level, which has already been described. Lacrosse 
Island, and other islands, and sheltered bays, show considerable remnants 
of this terrace. It also forms the flat ground surrounding the North- 
west Angle, and has there been cultivated to a small extent, the 
Indians growing patches of maize, which thrives well considering 
the small amount of attention given to it. Wheat, I am informed, has 
been sown as an experiment, and succeeds well. Potatoes yield ~ 
excellent crops, and all the ordinary vegetables and cereals would 
doubtless flourish, with careful farming; were there sufficient induce- 
ment for their cultivation. The same terrace forms some flat land 
in the chain of large islands of Sand-hill Lake, and it is also exten- 
sively developed on both sides of Rainy River, and from the accounts 
of Prof. Hind and others, would appear to run a long way up that 
stream. Westward from the mouth of the river, and forming the 
northern shore of Minnesota, it extends for about ten miles, and though 
generally swampy, has an elevation sufficient to admit of drainage, 
and sustains a fair growth of elm, poplar, cedar, spruce, and birch. The 
eastern front of Buffalo Point, probably belongs to the same terrace, 
though considerably higher than elsewhere. Its surface is dry and 
clad with a thick growth of poplar and birch.  <it-a-gane-minis, or 
Garden Island, has been from time immemorial cultivated by the Indians 
of the lake, and is one of their great meeting places and head quarters. 
Its area must be from one to two square miles, and though I was 
unable to visit it, it appears from a distance to be level, and to suppot 
a fair growth of timber. It is now almost deserted. 

622. All these localities are based on the old plateau or terrace level, 
a former lake bottom ; and the soil where I have examined it, is composed 
of fine sand and calcareous debris, deficient in vegetable matter; which 
when it occurs, is apt to form a peaty accumulation on the surface, 

623. The greater part of the southern and western margin of the 
lake is utterly useless, and a more forbidding and desolate region can 
scarcely be imagined. The immediate border of the lake, is here formed 
by alow ridge of sand, often blown into miniature sand-hills, but some- 
times bound together by the roots of various grasses. Behind this 
margin is very generally a stretch of grassy swamp and lagoon, of a 
mile or two in width, and bordered in the distance by a forest of 





CAPABILITIES WITH REFERENCE TO SETTLEMENT. 271 


tamarack (Larix Americana) growing on a scarcely less flooded soil. In 
some places, low, swampy savannah fronts directly on the lake, and this 
I have seen fringed after a gale, by a belt many feet in width, of 
brown vegetable pulp, equally impossible to walk on, and impassable 
for the canoe. On other parts of the coast, on gaining the summit 
of a peaty bank a few feet in height, which is breaking off under the 
action of the waves, an expanse of swamp, with small dead tamarack 
trees, stretches as far as the eye can reach. 

624. In the shallow water of the lake, a large species of rush abounds, 
and is used by the Indians for making mats. The root is also eaten at 
certain seasons. Where the water is quite shoal, and in reaches pro- 
tected from the full force of the waves, thé roseau grass (Phragmites com- 
munis) covers great areas. It does not appear to be tough enough for 
the manufacture of paper, and I do not know any other purpose to which 
it can be applied. The wild, or Indian rice (Zizania aquatica,—ma-nu-min 
of the Chippeways) does not occur abundantly in the southern part of 
the lake, so far as I have seen, but must grow luxuriently in some parts 
of the northern division, and especially in Lac Plat, where the Indians 
collect large quantities of the seed in autumn, for winter use. The plant 
appears to thrive best, where growing up through several feet of water in 
sheltered lagoons and inlets, and certain areas formerly noted for its pro- 
duction, have of late years, from the higher level of the water, become 
unproductive. Scarcely sufficient attention seems to have been given to 
this native grain. Growing far to the north, in areas altogether unsuited 
for other crops, it seems to afford a prospect of utilizing great regions of 
lake and swamp, otherwise irreclaimable. Its growth might no doubt be 
encouraged by the use of proper precautions, and improved varieties 
result from careful selection. The grain, though dark in colour, is 
palatable, and the straw is now coming somewhat extensively into use in 
the manufacture of paper. 

625. Many of the less deeply submerged swamps would yield large 
quantities of natural hay. Those in the vicinity of the North-west Angle 
are already made to furnish hay for the stock kept there, which though 
rather coarse, it is found to be nutritious. 

626. The flora of the country surrounding the Lake of the Woods, 
closely resembles that characteristic of the Laurentian region, north of 
the St. Lawrence River, and differs from that of the prairie country to the 
west. A few western and southern forms, however, occur in association 
with those of eastern and northern aspect. The majority of the forest 
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trees are coniferous, and from the swampy character of the country, the 
tamarack is perhaps most abundant. The cedar (Thuja occidentalis) was 
in a few places observed, forming groves of limited extent. The red 
pine, Banksian, or scrub pine, and white pine, (Pinus resinosa, P. 
Banksiana, and P. strobus,) also occur where the ground is dry, and 
especially on the sandy ridges separating the swamps; but not in very 
large groves. All the ordinary eastern spruces and firs are also repre- 
sented. Of deciduous trees, the poplar is most common, and generally 
represented by the aspen or balsam poplar (P. tremuloides and P. 
balsamifera) willows of many species form thickets in the swamps and 
along the edges of the woods. Elm, oak, birch, and the ash-leaved 
maple, also occur sparingly. 

627. The climate of the region immediately bordering on the Lake 
of the Woods, is much improved by it. The shallow expanse of water 
becomes heated by the rays of the sun, and in July and August was very 
generally found to have a temperature of from 70° to 75° Fahrenheit. 
Early frosts are thus prevented, and the nights, which at a like elevation 
on the prairie west of Red River are frequently cold, are here, as a rule, 
deliciously balmy. Should land for agricultural purposes ever become of 
value in this region, a great area of the bottom of the lake might be laid 
dry, at comparatively small expense, by removing the rocky barrier at 
Rat Portage, the water being thus lowered about eighteen feet. 


Region between the Lake of the Woods and the Red River Prairie. 


628. West of the Lake of the Woods, is an extensive wooded, and 
very generally swampy region, which extends to the eastern edge of the 
alluvial prairie of the Red River. Where crossed by the road from the 
North-west Angle to Winnipeg, the wooded region is about sixty miles 
in breadth; on the forty-ninth parallel, about seventy-five miles. On the 
northern line of section the character of the country is as follows :—From 
the North-west Angle to Birch Creek Government Station, is for the most 
part thickly wooded, but almost a continuous swamp, with here and 
there a rocky or sandy ridge rising above the general level. Much of the 
soil would dry up if the woods were removed, but appeared to be sandy 
and poor, and of little or no use for agricultural purposes. There is much 
tall, but slight, pine timber, suitable for railway sleepers, but not of much 
use for the saw mill. The sand of the ridges is generally of yellow ferru- 
ginous colour, and the gravel, when it occurs, is chiefly of small limestone 
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fragments. Ten miles east of Birch Creek, is the watershed swamp, 
here known as the Caribou Muskeg. It is a flooded savannah, of 
perhaps, a mile and a half in width, and is an extension of the swampy 
watershed region, crossed further south. From Birch Creek to White 
Mouth River, the surface slopes gently westward, yet more than half the 
area is occupied by swamps. The dry tracts are covered with a sandy 
soil, which though warm, is too light to attract the agriculturalist. 
The Banksian pine abounds. From this place to Broken Head River, and 
thence to the edge of the wooded region, near Point du Chéne, the surface 
is not so wet, but still shows numerous swamps; and the soil in no place 
compares favorably with that of the prairie to the west. 

629. An examination of the southern part of the region lying west 
of the lake, was made by crossing it by the Reed and Roseau Rivers ; 
the former, a small stream flowing into the Lake of the Woods, the latter, 
inoscolating with it in the watershed swamp, is one of the largest tribu- 
taries of the Red River. The route thus indicated, in the main nearly 
follows the Boundary-line, though a considerable portion of the Roseau 
River, and the whole of Roseau Lake, lie a short distance south of it, and 
in the northern part of Minnesota. The crossing was effected in the 
latter part of August, 1873, with two men, and a single ‘ three fathom’ 
bark canoe; and from the waters of the lake to those of the Red River, 
occupied nine days; much delay arising from obstructions by drift 
timber in the rivers, the state of the portage on the height of land, 
and the bad rapids on the lower part of the Roseau River. The route 
though long known to the Indians ; and used by the Chippeways and 
Sioux as a war-path between their respective countries, has remained 
almost wholly unknown to explorers. Prof. Hind, and Mr. S. J. Dawson 
had intended passing by this route to Red River in connection with the 
Assineboine and Saskatchewan Exploring Expedition, in 1857, but were 
turned back by a large force of Indians collected on Garden Island. 

630. On entering the mouth of the Reed River, a sand-bar is crossed, 
the water on which is, apparently, not more than four or five feet deep. 
The lower portion of the river itself, for about four miles, is both wide 
and deep, and not very tortuous. Near the mouth, it passes through a 
grassy swamp, and for some miles the shores continue swampy, though 
generally covered by bushes and small trees. Beyond this the river, 
though still deep, becomes narrow and tortuous, and retains this charac- 
ter throughout its upper part, which for several miles before reaching the 
source is often not more than sixteen feet in width. At the same time, 
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the current becomes much stronger, though not assuming anything of 
the character of a rapid. For about two and a half miles from the begin- 
ning of the narrow portion of the river, in a general south-westerly course, 
the banks rise several feet above the water, and support a moderately 
good growth of aspen and balsam poplar, with some oaks, and a few 
tamaracks. Most of this higher ground has, however, been burned over 
years ago, and the greater part of the timber thus destroyed. The soil 
is rather retentive, being composed of a fine, grey, sandy clay. Beyond 
this, and to its source, the stream is fringed by grassy swamps, bordered 
at a short distance by a dense growth of tamarack, scarcely, if at all above 
the level of the water. The current, however, is still strong, and the 
stream, though very narrow and tortuous, remains ditch-like and deep. 

631. On approaching the east end of the Portage the tamarack first 
retreats further from the stream, and the latter remains merely as ‘a 
narrow rut among the reeds. The bottom of the swamp, though here 
covered by a few inches of water and decayed vegetable matter, is hard, 
and firm, and consists of fine whitish arenaceous clay, of such a nature as 
to be almost completely impermiable to water. It here becomes necessary 
to track the canoe with ropes, and for a few hundred yards the swamp 
was found so shallow, that it was best to lighten the canoe, and portage 
the stuff by hand. On thus entering the Muskeg Portage Swamp, the 
tamarack trees become small and scattered, and soon remain only in 
isolated groves, standing out like islands in the grassy expanse. After 
passing the shallow edge of the swamp, above described, which may be 
about half a mile in width, it becomes softer and deeper, and is entirely 
composed of peaty matter and soft swamp muck, in which in some places 
one sinks from knee to waist deep, and often no firm bottom exists for a 
depth of five or six feet, and probably much more. In some spots small 
fishes were seen among the grass. In the softer parts, gas arising from 
the decomposing vegetable matter, buoys up portions of the sod, which, 
however, easily sink under any weight. 

The surface of the swamp is usually grassy, but some extensive 
patches of Spirwa bushes occur. Ledum latifolium, or Labrador tea, 
Sarracenia purpurea, the pitcher plant, and Andromeda polifolia, also occur 
abundantly ; Lobelia Kalimi, Parnassia Caroliniana, and Drosera longifolia, 
were found in flower. ; 

632. The source of the North-east Roseau River, is six and three 
quarter miles from that of the Reed River, in a south-westerly direction ; 
but the track through the muskeg deviates considerably in some places, 
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to avoid tamarack groves, &c., and increases the actual distance which 
must be passed over in taking a canoe from one river to the other. On 
approaching the source of the Roseau River, the swamp again becomes 
shallow and hard-bottomed. The stream, as at first found, is a riunnel 
searcely wide enough for a canoe, but falling westward with a swift cur- 
rent. The height of land muskeg, judging from the line of levelling on the 
forty-ninth parallel—about six miles south—and from the current of the 
Reed River, cannot be more than ten or twelve feet above the Lake of 
the Woods. It has all the appearance of having been at one time a shal- 
low lake-basin, with a hard bottom of drift material; and has been gradu- 
ally filled by the growth and decay of vegetable matter. 


633. I believe that this and other swamps of the region of the water- 
shed, might yield important supplies of peat fuel to the woodless prairie 
country to the west. The peat would, of course, require to be manufac- 
tured by one of the processes now employed elsewhere, and advantage 
might be taken of the upper part of the Roseau for its shipment. The 
peat here found must be pretty pure, though not formed by the accumu- 
lation of the Sphagnum or peat moss, but from grasses and other aquatic 
phenogamia. 

634. The North-east Roseau, is at first narrow and tortuous, like 
the upper part of the Reed River, and the surrounding country is swampy 
and covered with tamarack, and willow bushes, The banks soon, however, 
begin to rise higher, and poplar becomes the prevailing wood. Fine 
oaks, elms, and ash-leaved maples also fringe the stream. The forest 
retains this character as far as Roseau Lake, and where small openings 
occur, rose bushes, asters, convolvulus (Calystegia sepium) wild hop (Hu- 
mulus lupulus) the prickly cucumber (Echinocystis lobata) and high-bush 
cranberry ( Viburnum opulus), form a tangled thicket. 

635. About three miles from the source of the river, and two-and-a- 
half from its crossing with the forty-ninth parallel, a tributary nearly as 
large as the main stream enters from the north. A few miles above Ro- 
seau Lake, a second large stream comes in from the south-east, and may 
be called the South-east Roseau. The banks of this part of the river are 
usually high, and are as much as fifteen feet above the water level where 
it crosses the Line. As far as can be seen from the edges of the river, 
the land continues in most places dry, and supports a good growth of 
timber. For several miles before reaching Roseau Lake, however, the 
dry banks merely form narrow ridges at the sides, and open grassy swamp 
lies both north and south of them. The whole upper on North-east Roseau 
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river is at present much encumbered by jams of drift timber, and beaver 
dams. 

636. Roseau Lake, is a shallow expanse of open water in the midst 
of a great region of reedy swamp. It lies about four miles south of the 
Line. The East Roseau enters at its southern part, and the West Roseau 
flows out on the same side, at less than a mile distant from it. 


637. The upper part of the West Roseau River, for about ten miles 
following its course, has banks sufficiently high to support a small growth 
of poplar, oak, and willow bushes. The trees then disappear, the current 
becomes much more sluggish, and the river enters the Great Roseau 
Swamp. This vast muskeg is absolutely without trees or bushes of any 
kind, but is covered by a rank growth of grass and reeds, and interspersed 
with small ponds and lagoons. The distance through the swamp, 
following the course of the river, which is exceedingly tortuous, must 
be at least twenty miles. For a few miles before reaching the forty- 
ninth parallel, the river is again fringed with trees—oak and elm being 
abundant. 

638. A short distance south of the Line, and before re-crossing it, 
the first island occurs, and boulders become plentiful in the bed of the 
river, which, though unencumbered and deep from Roseau Lake to this 
point, now becomes shallow and rapid, and so continues till the border of 
the Red River prairie is reached. The banks are high throughout, and 
this belt of country, about twenty miles: in width, is of much improved 
appearance. The sub-soil is of gravel and fine sand—as already noted in 
connection with the drift deposits—and most of the surface is dry, though 
large swamps still occur. It is partly of a prairie character, but is 
broken up by extensive groves, which are usually of poplar. The soil, 
though lighter than that of the Red River Valley, shows in some places a 
considerable depth of vegetable mould; and would be warm and easily 
worked, and bring crops rapidly to maturity with careful cultivation. 
The presence of so much limestone debris in the drift, has a favourable 
influence. 

Poplar, oak, and elm, attain a large size along the margin of the 
river in this part of its course. 

639. In this region of oak and poplar ‘ openings,’ there is, to some 
extent, a mingling of eastern and northern woodland plants, with those of 
the plains. East of the edge of the true prairie land, the coniferous 
forest comes to an end, in about longitude 96° 30’; and coniferous trees 
are not again found in any foree—with the single exception of the moun- 
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tains known as the Three Buttes—till the immediate flanks of the Rocky 
Mountains are reached 

640. The West Roseau River would seem to be navigable by steam 
launches, or stern-wheel boats of light draught, from the Red River 
nearly to its intersection with the old St. Paul and Garry road, From 
this place to its crossing of the forty-ninth parallel, it is barred by the 
rapids above mentioned, which, from their shallow and boulder-strewn 
character, are difficult of navigation, even in abark canoe. From a point 
a few miles south of the Line, a small steamer might pass through the 
Roseau Swamp and Roseau Lake, and possibly ascend the Kast Roseau, 
nearly to its intersection with the forty-ninth parallel. 

641. Of the wooded country between Lake of the Woods and the 
margin of the Red River prairie, a comparatively small proportion there- 
fore appears to be fit for cultivation, though much of the surface could be 
reclaimed at smallexpense. The areas formerly occupied by small lakes 
show better soil than the ridges and higher grounds, which are generally 
sandy or gravelly. The chief present value of the region would however 
seem to be as areserve of fuel, and timber for construction, for the more 
fertile prairie land bordering the Red River. A large quantity of valuable 
red pine (Pinus resinosa) lumber has been cut during the last few years on 
dry ridges near the Pine River, which runs into Roseau Lake from the 
north ; and similar pine-bearing highlands, will probably be found in 
other parts of the area. The timber cut on Pine River, was floated into 
Roseau Lake, and thence by the West Roseau River, to Red River. It 
therefore passed for a portion of its course through the northern part of 
the State of Minnesota. The Roseau, and probably also the Rat River, 
may be used in the conveyance of fire-wood to the Red River country, 
should the demand require it. 


The Red River Prairie. 


642. Of the alluvial prairie of the Red River, much has already 
been said, and the uniform fertility of its soil cannot be exaggerated. 
The surface for a depth of two to four feet, is a dark mould, composed of 
the same material as the subsoil, but mingled with much vegetable matter. 
Its dark colour is, no doubt, in part due to the gradual accumulation of 
the charred grasses left by the prairie fires. The soil may be said to lie 
ready for the plough, and in turning the tough thick prairie sod, the first 
year, a crop of potatoes may be put in, though it is not efficiently broken up 
till it has been subjected to a winter’s frost. When the sod has rotted, 
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the soil appears as a light friable mould, easily worked, and most favor- 
able for agriculture. The marly alluvium underlying the vegetable 
mould, would in most countries be considered a soil of the best quality, 
and the fertility of the ground may therefore be considered as practically 
inexhaustible. 

643. The area of this lowest prairie has already been approximately — 
stated as 6,900 square miles, but of this the whole is not at present suited 
to agriculture. Small swamps are scattered pretty uniformly over its 
surface, and in some places very large areas of swampy land occur, as 
will be seen on reference to the large map of Manitoba lately published hy 
the Government. The greater part of these swamps, are, however, so 
situated, as to be easily drained, either into the Red River or some of its 
tributaries, which are usually depressed thirty to forty feet below tl.c 
level of the surface. At present the swamps in the vicinity of the se*tle- 
ments are made to yield supplies of natural hay ; and until hay-grass is 
sown and regularly cultivated, the ‘hay-swamps’ will continue to be a 
necessary part of the economy of the settler. The wide overflow of these 
swamps in the spring, when the season is wet, or when the dissolution of 
the winter’s snow takes place very rapidiy, is shown by the large area 
often found to be strewn with the dead shells of fresh-water molluses, 
chiefly of the genus Limnea, « 

644, As a measure of the possible agricultural capacity of this great 
valley, take one half of the entire area, or 3,400 square miles equalling 
2,176,000 acres, and, for simplicity of calculation, let it be supposed to be 
sown entirely in wheat. Then, at the rate of 17 bushels per acre—which, 
according to Prof. Thomas, is the average yield for Minnesota—the crop 
of the Red River valley would amount to 40,992,000 bushels. 

645. The wooded area of this lowest prairie steppe is quite small. 
The Red River and its tributaries are fringed with trees, of which oak, 
(Quercus macrocurpa, var.) elm, (Ulmus Americana) poplar, (Populus 
tremuloides, &e.) and ash-leaved maple, (Vegundo aceroides) are the most 
abundant. In some places the trees attain a large size, and the oak 
woods bordering many of the streams are especially beautiful. Much of 
the best timber has, however, already been culled out, and it is yearly 
decreasing, without any systematic attempt for its preservation. The 
steamers running on the Red River are among the largest consumers. 
Away from the immediate borders of the streams, the prairie, though 
covered with a luxuriant sod, is absolutely treeless. It is fortunately the 
case, however, that the Red River Valley is bordered on the east by the 
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forests already described, and on the west by the wooded district of Pem- 
bina Mountain and its northern extensions. 

- 646. The climate of the Red River Valley, like that of the whole 
interior of the continent, is an extreme one, the cold of winter being 
exceedingly severe, and the heat of the summer season also excessive. 
The courses of the summer, and winter isothermal lines across the conti- 
nent, do not require notice here, as they have already been ably discussed, 
and laid down as far as the observations now at command allow. It 
would seem, however, that between the Laurentian highlands on the east, 
and the Rocky Mountains, a great summer wave of warmth passes far to 
the north, reaching its highest latitude near the eastern base of the 
latter range; while in winter a compensating and long-continued flood of 
cold air invades the whole region vf the plains, and the eastern and 
western flanking ranges. 

647. The watershed between the Red River, and the St. Louis and 
other streams flowing into Lake Superior, forms a pretty well marked 
climatal line. The influence of the lake, and the high wooded ground 
forming a partial barrier to the north-westerly winds, renders the autumn 
in the latter region warmer; while in spring the ice accumulations of 
the lake, and wooded character of the surrounding country, keep the 
temperature much lower than in the Red River Valley. The tempe- 
rature of the Red River country, like that of the prairies generally, 
depends very closely on the direction and origin of the wind, though in 
years to come, when great regions of the plains have been planted with 
trees, much amelioration may result. A single instance—though an 
extreme one—may be mentioned. ‘On the 8th of May last year, a strong 
south wind raised the temperature at Dufferin to 100° F. At Winnepeg, 
60 miles further north, the temperature was 94°5°, the mean tempera- 
ture for the month being 52°52°. The Red River Valley, as the lowest 
trough of the interior region of the continent, would also seem to serve as 
a channel of efiux for the cold northerly winds in spring; for immediately 
on passing out of it, and up to the level of the second steppe, the vege- 
tation was found to be slightly, but distinctly, more advanced. 

648. The following notes taken at Dufferin in the Spring of 1874, 
will illustrate the advance of the season, and serve for comparison with 
other localities :— 

April ¥%5.—General surface of the prairie free from snow, and in some places already 
quite dry, though frozen below. Coulées holding large snow-banks. 


Ponds beginning to open. Ducks observed, and several of the smaller 
birds of passage. 
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April 24,—Ploughing commenced, but ground still partly frozen. . 
‘* 25.—First frog heard. 
26.—Many ducks, geese, and cranes, flying northward. 


‘© 27,—Quite a concert of small birds in the thickets for the first time. Buds of the 
earlier willows and poplars bursting. 





29.—Flies and Mosyuitoes becoming abundant. Frogs noisy. | 


May 1.—Grass beginning to look a little green in reaped hollows. 
‘¢ $8. —First thunder-storm. 


9.—Most of the willows, and the aspen poplar (Populus tremoloides) in full bloom. 
Also elm, (U lmus Americana ) ash-leaved maple, (Negundo aceroides ). 
Sweet Coltsfoot ( Nardosmia sagittata) in flower. First Strawberry blossom 
found ( Fragaria Virginiana. ) 


10.—Grass beginning to assume a general green tint. 


18.—Mosquitoes troublesome for the first time. Many geese flying overhead, 
with a favouring south wind. 


21.—Grass in hollows, where the ground has not been burned over, now forming — 
pretty good feed; where the fire has passed last autumn, though very 
green, still quite thin. Geum triflorum, abundant in some localities ; in 
full bloom Anemone patens, in many places with seed already forming, 
sepals haying fallen. Carex Douglasi, Ranunculus rhomboideus, in full 
ower. 


‘¢ 922—The common blue Violet ( Viola cucullata,) in full bloom, abundant. Viola 
pedata, V. Canadensis and JV. pubescens, just in flower. The Service- 
berry (Amelanchier Canadensis) Choke-cherry (Prunus Virginiana) 
Wild Red Cherry (P. Pennsylvanica) Wild Plum (P. Americana ) just 
about to bloom. Poplar groves showing green, 


649. A reference to the catalogue of plants will serve to continue this 
record, though after the above date, the observations for 1874 refer to the 
country west of the Red River Valley. The plants in flower in June, 
1873, can however be found by referring to the list. 

650. The following list gives the arrival of some of the more impor- 
tant birds in the spring of 1874 :— 


Birds arriving previous to April 15th. 


Corvus Americanus.—Common Crow. 
Eremophila alpestris.—Horned Lark. 

Spizella monticola.—Tree Sparrow. 
Plectrophanes Lapponicus.—Lapland Longspur. 
Circus Hudsonius.—Marsh Harrier. 

Falco columbarius.—Pigeon Falcon. 

Accipiter fuscus.—Pigeon Hawk. 

Junco hyemalis. —Black Finch, 

Collurio borealis—Great Northern Shrike. 
Scolecophagus ferrugineus—Rusty Grackle. 


April 15th to 20th. 


Anas boschas—Mallard Duck. 

Querquedula Carolinensis—Green-winged Teal. 
Turdus migratorius—Robin. 

Ageleus pheniceus—Red-winged Blackbird. 
Totanus melanoleucus—Greater Tell-tale. 
Aigialitis vociferus—Kildeer Plover. 

Gallinago Wilsonii? Snipe. 

Colaptes auratus—Golden-winged Woodpecker. 
Passerella iliaca—Fox Sparrow 

Regulus calendulus—Ruby-crowned Kinglet 
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April 20th to 25th. 


Mergus cucullatus—Hooded a a 
Spatula clypeata—Shoveller Duck. 

Bucephala albeola—Buffle-headed Duck. 
Dendreca coronata—Yellow-crowned Warbler. 


7 


April 25th to 30th. 


Fulica Americana—Coot. 

Grus Canadensis—Sand-hill Crane. 

Dafila acuta—Pin-tailed Duck. 

Mareca Americana—Widgeon. 

Fuligula marila—Scamp Duck. 

Botaurus minor—Bittern. 

Ceryle alecyon—Kingfisher. 

Sturnella magna—Prairie Lark. 

Xanthocephalus icterocephalus—Y ellow-headed Blackbird. 


The remaining birds appeared rapidly after this time. 


May 8th—Antrostomus vociferus—W hippoorwill. 
May 17th—Trochilus colubris—Ruby-throated Humming Bird. 
May 17th—Ectopistes migratorius—Wild Pigeon. 


651. Observations comparable with those above given for the Red 
River Valley, are on record for three points on the Saskatchewan River, 
approximate to various parts of the ‘ fertile belt.’ 

652. Sir John Richardson compiled the record for Cumberland 
House, from which the following extracts are selected, from his own 
observations, in 1820, and those of Chief Factor Lewis, in 1839-40*. 
Cumberland House is situated in about lat. 54°, long. 102°20’, or west of 
the Northern end of Lake Winnepeg. 


April 7.—Crows (Corvus Amerieanus) seen. Not till April 19th, in 1820. 
“© §.—Snoew-birds (Plectrophanes nivalis) seen. 
9-—A Merganser seen, 1820. 
10.—Willow catkins beginning to burst. 
** 12.—Geese and Swans seen, 1820. In 1840 not seen till 20th. 
** 13.—Buds of Populus balsamifera bursting 1820. 


17.—Plovers, Grackles, and Orioles seen, and on the following day, Cana- 
dian Jays, and Fly-catchers, Frogs croaking. 


20.—Coltsfoot (Nardosmia palmata) flowering. Sap flowing in Ash-leaved 
maple (egundo aceroides.) 


‘* 26.—Alder flowering. 
May 1.—Anemone patens in flower, leaves not yet expanded. 
“¢ 2.—A fall of snow to the depth of two feet. 
** 13,—Planting potatoes. 
** 14.—Sowing barley, 1820. Negundo aceroides, and gooseberry bushes in flower. 


17.— Willows, gooseberries, and Aspen (Populus tremuloides) in leaf, 1820. 
In 1840 the trees only bursting their buds at this time. 


24.—Ulmus Americanus flowered, in 1820. 


25.—Prunus Pennsylvanica, P. Virginiana, and Amelenchier in flower. 


* Journal of a Boat Voyage through Rupert’s Land, Vol. 1, p. 2365. 
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The Spring of 1840 would appear to have been a remarkably late 
one. Allowing for this, the indications of the advance of the season, 
correspond very closely with those at Dufferin; leaving only a day or two 
in favour of the latter, though Cumberland House lies over 300 miles 
further north, and 220 further wesi. 

653. At Carleton House, in lat. 52° 52’, long. 106° 15’, the progress 
of the spring is illustrated, by the following memoranda of events, com- 
piled from Sir J. Richardson’s observations in 1827,* and Mr. Bourgeau’s 
botanical notes in 1858.+ 


March 13.—Sparrow Hawks, (Falco sparverius) arrived.and on the 17th several migra- 
tory small birds noticed, 1827. 


29.—Large flocks of Snow-birds (Plectrophanes nivalis), 1827. 
April 1.—Many Fringillide seen, and on the 2nd, Swans arrived, 1827. 
** 4,—Sap flowing in the Negundo, 1827. Not till April 10th, 1858. 
es < oe Plover (AX yialitis vociferus) and several small birds arrived, 


“ec 


** 12.—Alder gathered, 1858. 

** 13.—Anemone patens, 1858. In 1827 not till April 22nd. 

** 14.—Four inches of snow fell, 1858. 

** 18.—Buds of Poplars, Willows, &c. swelling, 1858. : 
*¢ 22.—Robins (7'urdus migratorius) and the Butcher-bird (Collurio borealis) seen, 
** 27.—Frogs began to croak, 1827. 

‘* 28.—Sand-hill Cranes (Grus Canadensis) arrived, 1827. 


May 1.—The Prairie Lark (Sturnella magna) appeared. Last flocks of Plectrophanes 
nivalis left for the north, 1827. 


** 2.—Red-winged Black-bird (Ageleus pheniceus) and Rusty Grackle (Scolecopha- 
gus ferrugineus), 1827. 


‘* 3.—Phlox Hoodii in flower, 1858. (On the 4th, 1827), also Populus tremuloides, 
P. balsamifera, two species of Salix, and Corylus Americana. (‘The latter 
with C. rostrata, flowered on the 7th, 1827), Aquisetum arvense, 1858. 


** 5.—Ranunculus rhomboideus, Viola debilis, Nardosmia palmata, and several 
Carices flowered, 1827. 


‘© 6,—White-bellied Swallow (Tachycineta bicolor) and many Gulls, arrived, 1827. 
More species of Salix; two species of Sheperdia, and Negundo, flowered 
1858. Sheperdia Canadensis, and Negundo, flowered on the 9th, 1827. 


‘© 7.—Androsace, Viola Canadensis, Fragaria Virginiana, Astragalus (probably A. 
caryocarpus), &c., 1858. Recurvirostra Americana arrived 1827. 


‘* 12.—Thermometer fell to 14°5° F. during the night, and nearly all the plants in 
flower frozen, and the season thrown back, 1858. 


** 19.— Viola Nuttalliana, flowered, 1827. On the 20th, 1858. 
** 20.—Amelanchier Canadensis, Betula papyracea, 1858. 


It will be observed, on comparison, that the progress of events at 
Carleton House is distinctly in advance of that in the Red River Valley 
in 1874. The difference, however, does not seem to be more than a week, 


— — —_ 





* Loc. cit, p. 238. t Exploration of British North America, p, 252. 
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and considering the generally admitted retardation of the spring of 1874, 
may be less. 
654. Still further west at Fort Edmonton, in lat. 53° 31’, long. 113° 

17’, the progress of vegetation in the spring of 1859 has been observed by 
Mr. Bourgeau. The dates at which the more important plants blos- 
somed are as follows :— 
April 22.—Hazel (Corylus Americana.) 

« 28.—Willow (Salix 2 sp.) 

« 20.—Alder (Alnus.) 
May 2.—Poplar (Populus tremuloides.) 

« —8.— Other species of Saliz. Popolus balsamifera. 

“ 17.—Strawberry (Fragaria Virginiana) Ranunculus rhomboideus, Equisetum arvense. 

“ 18.—Wild Cherry, Antennaria margaritacea, Violet (Viola Canadensis.) 

“ 19.—Shepherds’-purse (Capsella bursa-pastoris.) 

“ 20.—Red Currant (Ribes rubrum) Viola blanda, and Androsace. 


Comparing this with the spring of 1874, at Red River, though the order 
of flowering does not in some cases exactly agree, it would appear to give 
an advantage of afew days to Edmonton. A direct comparison of the 
dates for three years at Carleton, with those of 1859 at Edmonton, shows 
only a day or two of difference in favour of the former. The comparisons 
are based chiefly on the times of flowering of the plants, which are 
more trustworthy than those of the arrival of the birds of passage. 

655. Too broad generalizations on the results of a few seasons would 
be unwise, especially as the years do not correspond, but enough is 
known to prove the remarkably uniform progress of the spring along 
the so-called ‘fertile belt,’ which, passing north-westward from the Red 
River Valley, nearly follows the Saskatchewan to the Rocky Mountains, 
and will be the first region occupied by the settler. From the data now 
at command, | believe that the difference in advance of the spring 
between any of the above four stations, is not so great as that obtaining‘at 
the same season between the vicinity of Montreal and that of Quebec. 

656. The Red River country does not agree with the greater area of 
the western plains in showing a rainfall scarcely sufficient, or altogether 
too small for successful agriculture. With regard to the Western States, 
those who have examined the matter very generally concur in stating 
that beyond the 99th or 100th meridian agriculture is impossible unless 
irrigation be adopted. There are, of course, special small areas not in- 
cluded in this general condemnation, but there is probably also at least 
as great an area of the region east of the 99th meridian, which 
does not receive sufficient rainfall. The statements concerning 
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the nature of the western territories south of the Line, have passed 
through so many phases, that it is important to know that there is a 
a practical limit to the tide of settlement in that direction. Since it has 
been discovered that a great part of this region is not of the nature of the 
typical desert, as had been supposed, there has been a tendency, aided by 
the statements of interested railway and other companies, to elevate it to 
the imaginary position of an agricultural country. Now, however, that 
the crucial test of experience is being applied, and systematic meteoro- 
logical observations are being obtained, it becomes evident that if’ settle- 
ment for agricultural purposes is to pass the 99th meridian, it must do so 
slowly, and strengthening its advance by irrigation and arboriculture. 
The great area based on Cretaceous No. 4, would appear to be absolutely 
irreclaimable. 

657. In estimating the least necessary amount of rainfall for the sup- 
port of cereals, so many circumstances occur to complicate the subject, 
that it is often difficult to arrive at any very exact conclusion. Chief 
among these is the distribution of precipitation with regard to various 
seasons. In ordinary circumstances, only that rain which falls during 
the spring and summer, when the Crops are in the ground, is of import- 
ance. Much, however, depends on the nature of the subsoil, for, where a 
considerable thickness of porous material is based on impervious rocks or 
clays, with a nearly horizontal, or slightly basin-shaped surface, a part of 
the autumnal and winter precipitation, and especially the flood-water of 
the melting snow in spring, may also be countedon. Many considerable 
areas of prairie country are thus situated. The general water level has 
in some cases been ascertained to be not far from the surface, even in the 
autumn, and the moisture rising by capillary attraction prevents the 
entire desiccation of the surface soil. The nature of the soil here enters 
as an important factor. 

658. It is stated by Boussingault, however, that in Egypt, where no 
rain falls during the period of growth, that the distribution of seventeen 
and one-third inches of water over the surface, during the season, of one 
hundred and fifty days, suffices to bring the crops to maturity. The 
ground is here water-soaked to begin with. In India, in a season, of the 
same length, sixteen and one-third inches of irrigation water are dis- 
tributed, the rainfall making the amount up to ‘nineteen and. one-half 
inches. The evaporative effect of the air of the western plains is no 
doubt usually less than that in the countries above named, rendering a 


somewhat smaller quantity of water necessary. 
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659. Prof. Thomas estimates the rainfall for the Spring and Summer 
months, on the western portion of the plains, at only 7°34 inches; the 
deficiency of which will at once be apparent, whether compared with the 
estimates given above; or with the rain fallin other and better known 
regions. During the same period, New York receives 23 inches, Cincin- 
nati 25, Missouri 26, Michigan 18.* At the town of Winnipeg, the 
average fall of rain during the spring and summer months, derived from 
the observations of the three past years, is 15:96 inches. 

660. The following detailed table of rainfall at the last mentioned 
locality, for which I am indebted to Prof. Kingston, gives a better idea of 
its distribution throughout the year, and it will be apparent that the 
greatest precipitation takes place at the seasons when it is most required 
for agriculture. 
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The precipitation in the Red River Valley would appear to be least near 
the Boundary-line, as at Pembina the average for three years is stated to 
be 13°16 inches. In 1873, it was 14185 inches, against 17:09 at Winne- 
peg, while at Fort Abercrombie, 180 miles south of the forty-ninth 
parallel, it was about 15°5, and at fort Wadsworth, 50 miles further 
south, 29-45 ; the average for five years at the latter place being 18-95,+ 
or probably about the same as at Winnipeg. 

661. Prof. Dana’s general means of total precipitation for different 
areas of the continent may be compared with the above. It is estimated 
that the eastern portion of the continent, from the Gulf States to 
Labrador, including the greater part of New England, New York, and the 
Atlantic States, and Tennassee and Kentucky; receive 40 to 45 inches or 
more. Michigan 30 inches. A large part of Ohio, Indiana, Illinois, 
and New York, toward the St. Lawrence, 33 to 40 inches. Regions be- 
yond the Mississippi, 25 to 15 and 10 inches. 


* See Prof. Thomas in U.S. Geol. Surv, Territ., 1870. 
+ See Major Farquhar’s Report on the Red River, 
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662. It would appear not only on theoretical grounds, but as the — 


result of experience, that the rain-fall of the Red River Valley, assisted 
by the water remaining in the soil from the spring floods, is as a 
rule amply sufficient for agricultural purposes. 

663. The question of water supply, seemed some years ago a difficult 
one in the Red River Valley. Great areas of level and fertile prairie, lie 
far from any stream, or are only traversed by coulées, which dry up com- 
pletely during the summer. The structure of the country renders the 
existence of surface springs almost an impossibility. This apparent dif- 
ficulty is, however, being solved in the most satisfactory manner ; as it is 
found that there are few regions where ordinary wells of moderate depth 
do not succeed in finding ample supplies of water ; and this not only far 
removed from the rivers, but in their immediate vicinity, though the 


water level of the stream may lie considerably lower than that of the 


bottom of the well. The rather impervious nature of the prairie sub- 
soil, renders it probable that these wells are supplied eithé by inter- 
calated coarser layers, or,—as appears to be more likely—by water circu- 
lating in fissures ; which formed originally by the cracking of the soil 
at the surface, often penetrate its homogeneous mass to a considerable 
depth. 

664. The success of artesian wells, at Winnipeg (§ 577) also tends to 
show that no apprehension need exist, with regard to water supply. Water 
is there formed in a gravelly stratum lying above the boulder-clay, and 
has, I believe, sufficient head to form flowing wells. It is further probable 
that a second water-bearing stratum might be reached by continuing the 
boring through the boulder-clay, to the more porous stratum which 
usually intervenes between it and the solid rock. 


665. For the supply of the shallower wells first referred to, the water 
is no doubt mainly derived from that which falls during the wet months, 
on the surface of the prairie itself. The water obtained by the artesian 
wells, however, has not this source,.and comes from below the most 
tenaceous beds of the alluvium. It is introduced, no doubt, at the edges of 
the more permeable layers where they come to the surface east and west 
of the alluvial valley. That there must necessarally be a considerable 
underground circulation of water, is rendered evident on inspecting the 
region near Pembina Mountain. The gaps worn in the front of this 
escarpment, are occupied by streams, some of which drain considerable 
areas, and are not dry even in the latter part of the summer. All these, 
except a few of the very largest, where they debouch on the low-level 
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plain, occupy coulées at some depth below its general surface, which, 
however, gradually die out, the stream at the same time disappearing. 


, Country of the Second Prairie Steppe. 


666. The extreme western margin of the Red River prairie, in the 
vicinity of the slope of Pembina Mountain, is diversified by groves of 
oak, which stretch out from its base; and would no doubt, be much more 
extensively wooded, but for the constant recurrence of prairie fires. The 
front of the escarpment, and its summit, forming the edge of the second 
prairie steppe, are in some places thickly wooded, and always show ex- 
tensive patches of timber. The forest-covered area increases north- 
westward. In the vicinity of the Line, the woods owe their preservation 
to the protection against fires afforded by the broken nature of the edge of 
the escarpment, by the great valley of the Pembina River, and its systems 
of tributary coulées, and to the frequent occurrence of patches of swamp. 
Poplar is probably the most abundant tree, though even after ascending 
the escarpment, groves of oak are found. The wooded region has, 
however, in all localities suffered much from local fires; most of the trees 
at present living are small, while traces of a former heavy forest growth 
frequently appear. 

667. In some places pretty extensive prairie areas occur between 
Pembina Escarpment, and Pembina River, and with the exception of a 
few localities, near the edge of the escarpment, where the Cretaceous 
clays are near the surface, the soil is of excellent quality, and differs from 
that of the Red River Valley by the addition of a considerable proportion 
of sandy material. Swamps are here pretty thickly scattered, and some 
of them attain large dimensions in spring. Those parts of them which 
are permanently wet, however, bear luxurient crops of natural hay- 
grass, and the general aspect of this region is favourable. 

668. On crossing the Pembina River, the eastern margin of the 
great treeless plain is entered on. No woods now appear, except those 
forming narrow belts along the vallies of the streams, and soon, even the 
smaller bushes become rare. The shrubs met with are generally stunted, 
from the absence of shelter against the wind, and the frequent passage of 
prairie fires. The little thickets consist, according to situation, of dwar- 
fish. snow-berry (Symphoricarpus occidentalis) Spirea, roses,.and wil- 
lows fringing the small swamps and pools. The metallic-leaved silver- 
berry (Eleagnus argentea), comparatively rare in the Red River Valley, 
now begins to occur in abundance on the drier areas, In the last 
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week of May, 1874, the common flowering plants on this eastern part of 
the first prairie steppe, were ; Viola cucullata, V. pedata, Ranunculus 
rhomboideus, Anemone patens then going to seed, and the whole prairie 
covered with its brownish woolly heads; Geum triflorum, found most 
abundantly near the edge of the escarpment, less common westward ; 
Astragalus caryocarpus, becoming rapidly more abundant westward, Aten- 
naria plantaganifolia, Lithospermum canescens, first blossoms. . 

669. The undulating character of the prairie between Pembina 
Escarpment and Turtle Mountain, and the occasional occurrence of stony 
and gravelly hillocks, has received mention in the chapters on the drift. 
With reference to the soil west of Pembina River, nearly the same re- 
marks apply as to that east of it. It is fertile, though not so deep or 
inexhaustible as that of the Red River Valley, and rests ona gravelly, 
drift sub-soil. Swampy bottoms bearing a good growth of hay-grass 
abound, but their area is quite small as compared with that of the dry 
ground. Toward the end of the summer, most of these swamps dry up 
completely, and extensive regions are then without other water supply 
than that derived from the streams and rivers, which lie in deep vallies, 
and are often far apart. I do not think, however, that difficulty 
would be found in obtaining water, by wells sunk in any of the lower 
parts of the prairie. The rainfall of this region is probably slightly less — 
than that of the Red River Valley, but appears to be sufficient for agri- 
cultural purposes. 

670. It seems probable that at a period not very remote, a great part 
of this district was covered with forest trees. The humidity of the soil 
and climate is sufficient for their growth, and in some places, little hum- 
mocks, resembling those formed in a forest, and known as ‘ cradle hills’ 
were observed. On approaching Turtle Mountain, the tendency of this part 
of the prairie to reclothe itself, is shown by the occurrence of thickets 
of seedling poplars on the sheltered sides of the undulations, wherever 
the fires have not passed for a few years. Between Pembina River and 
Turtle Mountain, and especially toward the latter place, the deep narrow 
paths, or ruts, made by the buffalo when travelling, are still quite appa- 
rent ; though the animal has not been known so far east for many years. 
They have here a remarkably uniform north-west and south-east 
direction. 

671. The water of the swamps and ponds of this part of the prairie 
is generally sweet, but one distinctly saline lake was seen. It had not 
the thick fringe of grasses and sedges of the other ponds, and here, for 
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the first time, the Salicornea was met with in some abundance. There 
were also many dead shells of Limnea, and Planorbis parvus; but whe- 
ther these molluses lived in the saline water, or were washed thither 
from some neighboring swamp, I was unable to determine. 


672. The extent and general contour of Turtle Mountain have 
already been described in another connection (§ 511). Forming as it 
does, a more or less thickly wooded area, which may be estimated_as over 
300 square miles, it cannot but be a valuable nucleus for the utilization of 
the surrounding treeless plains; serving as a supply of fuel and building 
material, and as a refuge for wintering stock, which during the summer 
has been herded at large over the prairie. Though the elevated and 
broken area of the ‘mountain’ is pretty nearly equally divided by the 
Line, the northern half is more uniformly covered with woods, and pro- 
bably embraces two-thirds of the forest area. There are also large regions 
of the so-called mountain, which, though more boldly undulating than 
the prairie, show good soil, and will eventually be cleared for agriculture. 
There are indications that this wooded area receives a much more copious 
rainfall than that of the surrounding country. The ‘mountain’ is now 
the head quarters of a large band of Sioux Indians, many of whom were 
concerned in the Minnesota massacre. They are a rather good looking 
and well-disposed race, and derive a moderately comfortable subsistence 
from hunting the moose, wapiti, Xe. 

673. The wood is chiefly poplar (P. tremuloides, P. balsamifera, &c.) 
Oak (Quercus macrocarpa) however, occurs abundantly along the margins 
of the forest, and forms groves on the ridges, or grows interspersed with 
other trees. White birch (Betula alba) is abundant, though not forming 
large groves, and black birch (B. lenta) also occurs. The ash-leaved 
maple, or ‘box elder’ (Negundo aceroides), and the elm (Ulmus Ameri- 
cana) are also found, the latter attaining considerable dimensions in 
some of the more sheltered vallies. The largest poplars observed must 
have been over two feet in diameter at the base, and of good height. 
The average size in many groves is about eighteen inches. The oak and 
birch are seldom over two feet in diameter, and the latter are generally 
much less; but growing in thick masses, and very tall. Most of the 
swamps are grassy, and would yield excellent hay. They are generally 
fringed thickly with willows of different species. The underwood is 
composed of hazles (Corylus Americana), choke cherries (Prunus 

Virginiana), thorns (Crataegus coccinea), roses, raspberries (Rubus 
strigosus), &e. Peas and vetches are abundant, and occur with the fire- 
19 D 
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plain, Last year, this region was passed over during the last days of 
September and first of October, and had then a general green tint, the 
grass being fresh and good. The short prairie grass, however, even 
when dry, proves nourishing food for animals, and is preferred by them 
to that of the swamps and hollows. 

683. West of Turtle Mountain, the country is unquestionably Phe 
than before. The short buffalo-grass (Bouteloua oligostachya) becomes 
abundant, and it would appear at least doubtful, whether the rainfall over 
much of this region is sufficient for the maturing of crops, with a soil 
and subsoil too light to retain much moisture. Irrigation, though much 
talked of as a remedy for the deficient rainfall of many western regions, 
is only applicable over those comparatively small districts, where water 
can be obtained at a sufficientelevation. Most of the western rivers fow 
in vallies much depressed below the general level of the plains, and hay- 
ing a very small rate of descent, cannot be used in this way. It would 
appear that vast areas of the western plains, south of the Fertile Belt 
of the Saskatchewan region, and west of the Missouri Coteau, must 
remain as pasture grounds, for which they are in great part well fitted. 

684. The precipitation during the summer months, on these great 
plains, appears to be almost wholly of the nature of local showers, accom- 
panied by discharge of electricity. The extreme uniformity of the sur- 
face of the country,—when the weather is settled—allows a well marked 
meteorological cycle to recur. The mornings are generally clear and 
often completely cloudless, but as soon as the sun’s heat begins to he 
felt, small cumulus and cirro-cumulus clouds appear, produced by local 
ascending currents from the heated surface of the ground. These grow- 
ing continually larger, and more numerous, drift with the prevailing 
wind—which is generally westerly—and about three or four o’clock in the 
afternoon, small local thunder storms are developed. Several of these 
may often be seen at one time, and though occasionally the clouds coa- 
lesce to form larger storms, this is comparatively rare. During the night 
the storms generally dissipate, and equilibrium is restored before dawn. 

685. It would seem that the character of the second prairie plateau 
where crossed by the forty-ninth parallel, is that of much of the north- 
ern part of this great steppe. While its more fertile eastern border rapidly 
expands northward, its south-western edge appears to become in the vicin- 
ity of the Qu’ Appelle, and South Saskatchewan Rivers, even drier and 


Jess inviting. 
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686. A general description of the Missouri Coteau, is introduced more 
appropriately in connection with the drift deposits. ($522 et seg.) The 
strip of broken country embraced under that name, from where it crosses 
the Boundary-line to the Elbow of the South Saskatchewan, has an area 
of about 7,500 square miles; of which the greater part must always remain 
unsuited to agriculture, from its tumultuous and stony character. It would, 
however, be an excellent stock raising district. Though some of the steeper 
hills are butscantly clad with vegetation, a good growth of short nutritious 
grass covers most of the surface ; and swamps and sloughs with excellent 
hay-grass, are scattered everywhere. In its physical features the Coteau 
resembles Turtle Mountain, and like that place would no doubt naturally be’ 
thickly wooded, but for the prairie fires, which here sometimes run 
hundreds of miles in the dry weather of the autumn. As it is, the want 
of wood is one of the most serious drawbacks; and animals fed over these 
hills in summer, would require to be wintered in some of the river vallies 
to the north, or in the wooded ravines of the Tertiary plateau to the 
south. 

687. A sample of the efflorescent saline matter, of one of the ‘ Alka- 
line’ lakes of the Coteau, gave on analysis, the following result :— 


RAE SRTOMER ES oe he aig Gls Win @ 4.0 A ©. ond cian ap etic t 49-06 
ae eT AB eas te eB 47°73 
RENN ie de Oo a wdc ow bcdigcnd 4s, Socal nn 0°75 
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The iron occurs as protoxide, and appears to be protected by organic 
matter present in the mass. A qualitative examination of a similar 
saline incrustation from the Souris Valley, near Wood End, showed the 
presence of magnesic and sodic sulphates, only. A small quantity of this 
saline matter or ‘ alkali’ is not found to be injurious to crops, in the 
Western States, where sufficient moisture exists ; nor does it appear to be 
detrimental to the growth of grass. 

688. South and west of the Coteau, lies the great plateau of the 
Lignite Tertiary, which may be said to begin about the 350 mile point, 
and extend as a well defined table-land, as far as White Mud River—a 
distance of 115 miles—in the vicinity of the Line. Its form is very irre- 
gular, but its area may be about 12,000 square miles. The soil of this 
plateau, appears as a rule to be of a fertile character, but the indications 
are that the rainfall, except in a few favoured spots, is too small for the 
growth of the ordinary crops. Its elevation also, no doubt, renders it 
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more subject to early and late frosts, than the prairie to the east, though 
the winter is probably not so severe as that of the Red River Valley. On 
reaching this part of the third plateau in June of last year, the vegeta- 
tion—from a comparison of the flowering plants—appeared to be about a 
week behind that of the second steppe. The plateau of the Tertiary is 
for the most part, only adapted for pastoral occupation; but being covered 
with a good growth of grass, is well suited for this use. The strip of 
country between the plateau and southern edge of the Coteau, partakes 
in some measure of its character, but has a less favourable appearance. 

689. An important advantage of this plateau, is the existence along 
its edges of sheltered ravines and vallies, containing groves of poplar; 
and also the presence beneath it of great deposits of lignite coal. In 
one of these sheltered valleys, the half-breed settlement known as 
Wood Mountain, is situated. No cultivation of the ground has been 
attempted by the few families frequenting the place, and its prosperous 
days are already over, as the buffalo, on which its existence depends, 
now rarely come so far east. It is, in fact, merely a base for a certain 
number of hunters and traders, who have found it convenient to erect 
wintering shanties there. 

690. South of the plateau, as far west as Wood Mountain, the region 
draining to the Missouri, is also based on the Tertiary, and generally 
bears a close, short growth of grass. Beyond Wood Mountain, the low 
ground, both to the north and south of the plateau, is based on the Cre- 
taceous clays, and is, in most places, dry and barren. The ‘grease-wood ’ 
(Sarcobatus) and other peculiar chenopodiums, now appear in the flat, 
clay-bottomed vallies of the streams; and many varieties of ‘sage’ 
(Artemisia), and other shrubby composite are found. The disc-leaved 
cactus (Opuntia Missouriensis), in some places forms extensive beds, and 
in the last week in June, was found to be in full flower. Thedrier slopes, 
which are scarcely capable of supporting a sod, show among the stunted 
grass Selaginella rupestris, and a small species of lichen. Many peculiar 
southern, or extreme western plants, were here met with for the first 
time, and here also the ‘jack rabbit,’ and ‘sage cock’ (Centrocerus uro- 
phasianus) tind their eastern limit. | 

691. The White Mud River, or Frenchman’s Creek, may at present 
be considered the eastern limit of the buffalo, in this lattitude. During 
the last sixteen years, their front has been driven back, in the vicinity of 
the Line, over two hundred miles, and it is probable that their northern 
limit has been contracted to at least a like amount. 
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692. West of White Mud River, to the 505 mile point, an undulating 
prairie is passed over, resembling in its vegetation the surface of the 
Tertiary plateau. It is deeply drift-covered. Beyond this point, an out- 
lying portion of the Tertiary plateau stretches for about thirty miles. It 
is much cut up by ravines, and sometimes very stony, but is covered 
in general by a close sod, and shows a few swamps with good grass. 


693. There is evidence that over the whole eastern part of the third 
prairie steppe, and especially over the Tertiary plateau, the season of 
1874 was an exceptionaily dry one. Grasses on the drier hill-sides, 
which had ripened their seeds the season before—as evidenced by the 
seed stalks—in 1874 showed no flower, and even the leaves were scarcely 
green. 

694. Beyond this portion of the Tertiary plateau, an arid plain 
stretches with little interruption for fifty miles, or nearly to the Milk 
River. It also extends far north-westward toward the Cypress Hills, and 
appears to coalesce, along their western front, with a similar desert 
region, which—according to Palliser—exists to the north. It appears to | 
be irremediably sterile and useless, being based on Cretaceous No. 4, and 
in great part composed of the debris of these rocks. (§ 351.) In early 
spring it is evidently, in many places wet, but in summer, dry, hard, and 
- fissured, and scarcely supporting a sod. Itis traversed by the vallies of 
the East and West Forks of Milk River, which rise in the vicinity of the 
Cypress Hills ; but both the main streams and their tributary coulées 
become nearly dry before the end of the summer. 

695. The western limit of this plain, is formed by a strip of more 
eleyated land, lying between it and the Milk River, and about five miles 
wide. This is again based on the Lignite Tertiary formation, and shows 
a uniform, short sod; with some lakes and swamps, surrounded with fine 
hay-grass, along its eastern border. 

696. Here, during Juiy and August of last year, the greater part of 
the ‘Big: Camp’ of the half-breeds, wzs situated. The hunters and 
traders in this region congregate for mutual protection, and form, as it 
were, a tribe among the Indians. They live under no law or restraint, 
other than that imposed by necessity and by the general consent, or by 
the priest who accompanies them. Spending the summer at large, in the 
neighbourhood of any district which happens to be well stocked with 
buffalo, they fall back eastward for winter quarters. A few of them 
going to Wood Mountain, but most to the White Mud River, south of 
the Line, near a trading post known as Fort N. J. Turnay. A compara- 
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Bays : a 
tively small proportion of the robes obtained by these people, find their 
way to Winnipeg; most of the trade being carried on toward the 
Missouri. The summer hunt is chiefly to obtain pemican meat, the skins x 
of the buffalo killed being frequently wasted, In the autumn and early — 
winter, when the skins are prime, robes are the chief object. The Indians, 
though some of them are friendly to these half-breeds, and glad enough 
to trade with them, are naturally jealous of their hunting, and slaughter- 
ing buffalo for themselves. In July last, the ‘Big Camp’ consisted of 
over two hundred tepees, most of them of dressed skin, like those — 


} 
ha” 
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of the Indians, but some of canvas. Every family owns carts, at least 

equal to in number to that of its members; and when the camp is 

made, these are arranged in a circle, to form a ‘corral’ for the 

horses; the tents being pitched round the whole. The total number — 
of horses possessed by the camp was stated to be about 2,000, valued 

at from $20 to $100, according to their aptitude in buffalo running. 

A few weeks before our arrival, the half-breeds had been in the Cy- 

press Hills, and had there assisted, or countenanced, the Sioux in a- 
fight with the Blackfeet, in which eight of the latter tribe were killed. 

The camp is assiduously guarded, to prevent surprise or horse stealing. 

697. From what I could learn, I believe, that at the present rate of 
extermination, twelve to fourteen years will see the destruction of what 
now remains of the great northern band of buffalo, and the termination of 
the trade in robes and pemican, in so far as regards the country north of 
the Missouri River. 

698. Westward from the Milk River, the infertile Cretaceous clays 
do not recur, the country being based on the Lignite Tertiary. To the 
base of the Kast Butte, the surface, though not of the same desert charac- 
ter as that met with east of Milk River, is covered by a short, thin sod 
only, and is in many places stony also. The unfavourable appearance of 
all this region, does not arise so much from any deficiency in the soil itself, 
as from the absence of sufficient moisture. The vegetation, in fact, 
depends chiefly on the saturation of the ground by the water of the 
melting snow, and spring rains; and, when this is exhausted, is brought 
to an end as effectually as if by the onset of winter, though long before — 
that event. 

699. The general appearance and extent of the Sweet Grass Hills, or 
Three Buttes, have already been noticed (§ 303.) Their height and 
mass is sufficient to cause the formation and arrest of clouds in their im- 
mediate vicinity, where the rainfall isin consequence much more copious. 
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These mountains, and the broken ground around them, form a favourite 
haunt of the buffalo; which here find abundance of food and water. The 
spring, arising from some parts of the Buttes are very coy ious, and form 
streams, which on leaving the shelter of the wooded vallies, and issuing 
on the plains, are rapidly absorbed by the dry soil and atmosphere—at 
least in the summer season. One of these was observed to be a rapidly 
flowing brook during the night and morning hours, but in the afternoon 
became quite dry. The timber of the Buttes is chiefly pine, (P. Bank- 
siana ?) much of it has been burned, but it shows a tendency to renew 
itself. The trees are not of great size, and generally in somewhat inac- 
cessible parts of the mountains, but cannot be considered unimportant in 
a country so treeless. A few of the plants, found at elevations above 
6,000 feet in the Rocky Mountains, appear also on the summits of the 
Buttes. 

700. The country surrounding the Buttes, is said to have been for a 
long time a neutral ground between various hostile tribes of Indians. 
That it has been so, is evidenced by the almost complete absence of 
buffalo bones in their neighborhood, and the rare occurrence of the 
circles of stones, marking camping places. The region is at present a 
debatable ground between the Blackfeet, Peagans, and Bloods of the 
west; the Sioux and Assineboines of the east, and the Crows and other 
tribes of the Upper Missouri. It is not passed through save by war 
parties, strong in numbers, and travelling rapidly, Ten miles north of 
the central Butte, the bodies of over twenty Crow Indians were found, 
unburied, on the scene of a conflict. 


701. From the Sweet Grass Hills, toward the Rocky Mountains, the 
country improves in appearance, and shows evidence of a greater rain- 
fall. The cactus, grease-wood, and Artemisia cease to appear. To the 
Second Branch of Milk River 
generally much broken, but shows remains of a former more elevated 





a distance of 55 miles—the country is 


surface, in somewhat extensive flat-topped hills, which, when ascended, 
are found to be nearly of equal height, and show much drier and more 
gravelly soil than elsewhere found in the region. There is usually a 
close, thick growth of grass, and the swamps and sloughs, which are 
numerous, generally hold grasses and Carices to the exclusion of the 
rushes formerly most abundant. The watershed region, from the Second 
Branch of Milk River, to the St. Mary River, is of a similar character. 
702. The portion of the fertile belt fringing the eastern side of the 
Rocky Mountains, in the neighbourhood of the forty-ninth parallel, is 
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about twenty-five miles in width. On crossing the St. Mary River, a 
very marked and rather sudden change for the better is observed. The 
surface, at the same time, becomes more undulating and broken, and is 
quite hilly before the actual base of the mountains is reached. It is now 
covered with a thick vegetable soil, supporting a luxuriant growth of 
grass ; and wherever the fire has spared them, trees are to be found in all 
stages of growth. Many plants, last seen in the neighbourhood of Pem- 
bina Mountain and the Red River Valley, and which across the more 
arid plains have been lurking only in sheltered hollows and damp coulées, 
now re-appear over the surface of the country generally. The rivers and 
streams, also, entirely change their character, and instead of flowing 
sluggishly with a milky opacity, now hold clear blue water, run swiftly 
over stony and gravelly beds, and are filled with trout. 


The thickets are generally of poplar, but in the immediate vicinity 
of the mountains show birch and coniferous trees also. The EHle@agnus 
found in stunted thickets on the plains, now forms a well-grown bush, 
and the vallies and hill-slopes in August were gay with various species 
of Aster, Solidago, Epilobium, Castilleia, and with Geranium Fremontii. 


703. I was informed by traders, who had wintered in the vicinity of 
St. Mary River, that the snow does not lie here for more than about three 
months, the temperature also being much milder than in localities further 
east. ‘It would appear probable, however, from the altitude of the 
country, that early and late frosts may shorten the season agriculturally, 
to a greater extent than indicated by the above statement. As the 
Mounted Police are, I believe, at present wintering in this neighbourhood, 
more authentic information on the climate will no doubt soon be forth- 
coming. The buffalo are said to frequent the foot-hills of the mountains 
in winter, in great numbers, and their remains were found in the South 
Kootanie Pass, as far as the last patch of meadow land, on the east side 
of the watershed. | 

704. For this part of the country, the mountains form an inexhaust- 
able source of wood for construction, and also for fuel, though extensive 
areas are known to be underlaid by coal. The timber in the mountains 
is Chiefly coniferous, and not of large size, except in certain secluded | 
vallies. A species of pine, somewhat resembling the Banksian pine, 
but which I believe to be Pinus contorta, is found pretty abundantly in 
some localities, especially on the gravel terraces, and valley bottoms. It 
would afford good straight timber, but does not attain a great girth. 
The Douglas pine (Abies Douglasii), also occurs on both sides of the 
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watershed, but is generally small. The largest timber observed, was in 
some of the higher and more secluded vallies. The trees resembled the 
black spruce, but were probably Abies Engelmanni. It is unnecessary 
here to enter into detail with regard to the alpine and arctic flora of 
the higher parts of the mountains. I was only able to devote a 
few spare hours to the collection of plants, but a number of very 
interesting forms were obtained, and will be found catalogued in the 
appended list. 

705. The foregoing descriptions will show that the character of the 
third steppe is much more varied than that of either of the others ; but 
also that no part of its southern extent compares favourably with the 
land of the Red River Valley, or that of the best parts of the 
second steppe—always excepting the land along the immediate base of 
the mountains. At the same time, the explorations in connection with 
the Boundary Survey have served to show, that this country, formerly con- 
sidered almost absolutely desert, is not—with the exception of a limited 
area—of this character; that a part of it may be of future importance 
agriculturally, and that a great area is well suited for pastoral occupation 
and stock farming. 

706. The fertile region at the base of the Rocky Mountains, accord- 
ing to Palliser and other explorers, narrows somewhat about fifty miles 
north of the Line, but then spreads eastward, while the mountains tread 
to the west, and: includes a great area of fertile country in the vicinity of 
the North Saskatchewan, the more northern position of which is more 
than compensated for, by its decreased altitude, and the lower and more 
open mountain passes to the west. 

This fertile belt to the north, must form the basis for the settlement 
and ‘utilization of the western plains. The cactus-covered desert tract 
does not seem to stretch far to the north of the Line; but there is an 
extensive region of the third prairie steppe south of the fertile belt 
which is described as having a poor soil, with scanty herbage, and no 
wood, except on northern exposures. 

707. With regard to the climate of the third prairie steppe in 
the vicinity of the Line, not much information is at command. In two 
places, I was able to observe the temperature of copious springs, 
flowing out at such a depth from the surfacé, as to render it probable 
that their waters were not far from the mean annual temperature. On 
both occasions, the thermometer indicated 46° F. One of the localities is 
near longtitude 106° 30°; the other at 113°. The mean temperature of 
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the greater part of Montana, to the south, is estimated to be 48° * ; showing, 
if the observations are to be trusted, a lower mean temperature by two 
degrees on the forty-ninth parallel. Climatal lines, however, are not 
very strict or well marked on the western plains, and it is probable that 
the climate of a great part of the third steppe nearly coincides with that 
of northern Montana, where more continuous records exist than any 
available for the region to the north. 

708. The mean temperature for each month at Fort Shaw, one hun- 
dred miles south of the Line on the 112th meridian, is, in the following 
table, placed side by side with that of Winnipeg t :— 


Ft. Shaw. Winnipe Ft Shaw. Winnipeg. 
Saamaey o...Gver PEs, 21°28 SON! Hy aby 0 thes ahaha 70°22 65°87 
SeMReNRY Sid's te len fas 30°39 2°99.) August, 2y.s s\.saudvie<s bid 67°15 64°75 
SR: 8 in WN Gin 8p bet 36°58 9°00 || Séptember... si is 420555 54°04 51°29 
Ty a RN Cea es Pe 46°51 80-2154) Ogtoliers 2) svete cline 49°12 40°01 
MEME CUCU Fal tice a het ste Snes 56°04 51°18 || Nowenaber:-.4s s.saap exe 39°92 14°58 


The mean annual temperature of Fort Shaw is 47:33, while that of 
Winnipeg is 32:59. The temperature of the six warmer months, May to 
October inclusive, m northern Montana and the Red River country is 
pretty nearly equal, showing a balance of only about four degrées in 
favour of the former. The six winter months are, however, very much 
colder in the eastern locality ; and this notwithstanding the fact that Fort 
Shaw is about 3,000 feet higher than Winnipeg. Thus, while the mean 
annual temperature of the Red River Valley stands about 14 degrees 
lower than that of Montana, this is not brought about by any great 
deficiency of summer heat, but by the long continuance of steady cold 
weather in the winter. The extreme of winter cold is probably almost as 
great in Montana as in the Red River country, the thermometer at Deer 
Lodge showing a minimum of —30° F. in several years, but the, cold 
weather is not of long continuance. The snow fall is very light, and sel- 
dom exceeds a few inches in depth at any one time. The total annual 
precepitation—mean of two years—amounts to 8°95 inches only. 

As a pastoral and stock-raising country, the higher mean annual tem- 
perature gives the third plateau an important advantage over the region 
to the east. 





* U. 8. Geol. Surv. Territ., 1872, p. 811. 
tTemperature of Fort Shaw from the mean of two years. U.S. Geol. Surv. Territ,, 1871, p. 266, 
That of Winnipeg, from three years observations, is kindly supplied by Prof. Kingston. 
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CHAPTER XIL. 


CAPABILITIES OF THE REGION WITH REFERENCE TO 
SETTLEMENT.—/ Continued. ) 


Causes DETERRENT To SETTLEMENT AND AGRICULTURE.—Future of the North-west 
—Chmate—Wintering of stock—Difficulty of access—INROADS oF THE GRASS- 
HOPPER—Origin of the insect—Its range—The young and winged swarms— 
Its flight—Years when it has appeared in Manitoba—Means of prevention— 
THE Suppty oF Woop IN THE NortH-west—The plains never entirely 
wooded—Causes tending to destruction of forest—Causes of treelessness of 
prairie—Dryness of soil and atmosphere—Causes of drought—Causes of 
greater rainfall on wooded areas—Facts tending to show progressive desic- 
cation in the west—Similar drought brought on elsewhere by destruction of 
forest—Amelioration of climate by planting forest—Treeless area of the 
continent—Normal area of country which should be in forest—Successful 
growth of trees in the west—Scheme for the planting and preservation of 
trees. 


709. The description of the region in the vicinity of the Boundary- 
line, given in the last chapter, may serve to indicate those areas best 
fitted for settlement, in that direction. Accurate and detailed informa- 
tion of the same kind is now in process of accumulation over a great 
part of the North-west, and it will ere long be possible to estimate the 
probable value of the whole interior portion of the Dominion. Facts as 
at present known, appear to show, that after the fertile valley of the Red 
River is taken up, the progress of settlement will follow the valley of the 
Saskatchewan River to its head, and then spread north and south along 
the eastern base of the mountains; that the great pastoral area of the 
plains south of the Fertile Belt, will be entered from the north, while the 
northern forests and lakes will become tributary in their products to the 
settled region, from the other side. To a certain extent this progress of 
settlement will regulate itself, and will be a natural growth taking advan- 
tage of the capabilities of the country, but there are certain adverse in- 
fluences, which will require early and close attention, if this growth is to be 
as rapid and sound as it should. It is proposed here—without enlarging 
on the great advantages of the North-west—briefly to discuss some of 
these, and to indicate the bearing on them if the results of experience 
gained in other regions similarly situated. 

710. Manitoba, and a great part of the North-west, has before it the 
future of a great agricultural country, and enough is already known to 
show that over immense areas mines of metallic minerals cannot be relied 
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on as sources of wealth. It is improbable that metallic ores, other than 
those of iron, will be found over the area of the plains, underlaid as they 
are by the soft and little disturbed rocks of the Mesozoic and Tertiary. 
Gold, it is true, is known to exist in small quantities in the drift materials 
of some localities,* and may here and there be found in remunerative 
proportion, but its production will probably never assume much import- 
ance. The great area covered by the coal and lignite-bearing formations, 
as they are at present known, insures a supply of fuel for all time, to the 
settlers of the western portion of the plains, but coal mining will only 
become an important industry, when the country has been opened up, and 
there are extensive agricultural communities depending on it. The great 
present object of those interested in the North-west, should therefore be 
to further agriculture, and the interests of the agriculturist and stock- 
farmer, in every possible way. 

711. Climatic conditions have already received some attention, and 
it is not here proposed to discuss them further. They have a very 
direct bearing on the utilization of the country, but for the present they 
must be taken as they are, and the special problems presented in each 
district will be solved by experience rapidly acquired. The severity of 
the winter season is certainly one of the greatest disadvantages of the 
North-west, as an area for settlement, but, agriculturally, the intensity 
of the cold is not so much a matter of importance as its duration ; and 
where—as in this region—the length and heat of the summers are 
known to be sufficient to mature all the ordinary crops, it may, to a 
great extent, be disregarded. For stock raising, both the duration and 
intensity of the cold must be taken into account, though even here the 
former is the more important. I am aware, that in this region, horses 
and cattle are at present frequently allowed during the winter, to feed 
themselves as best they may. They generally survive, and often do not 
look much the worse for their hard treatment; but this haphazard plan 
will not find favour with careful farmers. In the Red River country, 
animals to which proper attention is shown, require additional food to be 
supplied to them, either in the form of hay or roots, for at least six 
months in the year. For the cultivation of the latter variety of crops, 
the soil of the Red River Valley appears to be excellently suited. 

712. In northern Montana, the conditions are somewhat different, 
and stock is there systematically allowed to winter out independently, 
or with only very slight aid in the way of feed. Similar conditions of 





* Report of Progress, Geol. Surv. Canada, 1873-74, 
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climate no doubt prevail over the greater part of the third steppe. To 
rear horses in this region is very easy, and the Indians and traders conse- 
quently possess large bands of fine, though small animals, which they 
value at a low rate. Mr. Selwyn, in advocating the idea of inducing the 
Indians to become stock-raisers, and cattle-herders, as the buffalo become 
extinct, mentions instances of stray cattle wintering out successfully 
on the North Saskatchewan.* In July of last summer, I saw a band of 
cattle in the vicinity of the Line, south of Wood Mountain, which had 
strayed from one of the U.S. forts to the south. They were quite wild, 
and aimost as difficult of approach as the buffalo; and notwithstanding the 
_ fact that they had come originally from Texas, and were unaccustomed 
to frost and snow, they had passed through the winter, and were in 
capital condition. 

713. In the future, when the North-west is somewhat thickly 
settled, the long period of the year during which out-door agricultural 
work is impossible, will tend to foster the growth of manufactures ; 
and especially of mills and factories for the elaboration of the crude 
materials produced in the country itself. Then only will the full ad- 
vantage of the enormous lignite and coal deposits, and water-power be 
developed. 

714. The three most important remaining natural deterrents to the 
settlement of the North-west appear to be:—Distance from markets, 
and difficulty of attainment by the immigrant; the grasshopper visita- 
tions; and the treelessness of great areas of the plains, and general 
scarcity of timber. 

715. The first of these difficulties, will soon be to a great extent 
remedied, especially as regards the access of immigrants. The remoteness 
of markets will, however, continue to be felt in some measure, and when 
the local demand for the cheaper grains, and heavier food stuffs, is 
satisfied, stock raising and the production of light and valuable crops, 
which will bear a considerable charge for transport, will remain the 
most profitable for a long time to come. Though wheat may be easily 
grown inimmense quantity, the profit to the farmer must be light, as 
long as the cost of transport forms so large a part of its total value at 
the eastern ports. Wool and dairy produce will demand attention, and 
for the growth of flax, hops, &c., a great part of the western regions, 
—and especially of the Red River Valley—is well suited. Flax and 





* Loc. cit., p. 60. 
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hemp have already been cultivated with success in the Red River 
country, in former years, the Hudson’s Bay Company granting a small 
bounty for their production. Their growth was discontinued chiefly, it 
would seem, from the want of proper milling facilities.* The natural 
limit of agricultural settlement to the west, renders it certain, that as 
the eastern regions are more exclusively taken up for this purpose, the 
western plains, unfit for other use, will become more valuable as pastoral 
lands. 

716. The inroads of the western devasiating grasshopper, or locust, 
must be counted among the greatest discouragements to the settler, and 
in some of the newly occupied Western States have caused actual ruin 
and famine. The grasshoppers forming destructive swarms in the region 
of the plains east of the Rocky Mountains, appear to belong to a single 
species, which has been called Caloptenus spretus. This insect much re- 
sembles the Caloptenus femur-rubrum, or red-legged grasshopper, which in 
exceptional years has been destructive to crops in various parts of the 
Eastern States.f Spretus differs, however, from femur-rubrum specitic- 
ally, and can not only be distinguished from it in form, but possesses to a 
far higher degree the instinct and power of migration; circumstances 
suiting it to the almost boundless plains which it inhabits. It is not here 
intended, however, to enter into a zoological description of the insect, for 
which Prof. Thomas’ Synopsis of the Acridide ; or the Seventh Annual 
Report on the Insects of Missouri, by Mr. C. V. Riley, may be referred to, 

717. The locusts are not natives of the eastern region of the plains, 
where their devastations are most severely felt. They come from the far 
west as a winged swarm, and where they happen to be when they are 
mature, their eggs are deposited. From these eggs, in the ensuing spring, 
the young come forth, and cause often more complete destruction of crops 
than the winged adults ; for they attack the young grain, eating it down 
as fast as it grows. The young so produced, however, appear not to have 
so much vitality as those coming fresh from the west. A great part of 
them may reach maturity and migrate some distance, but their progeny 
in the third season seems rarely to give much trouble. 

718. The real home and permanent source of supply of the locusts, 
has been a question giving rise to considerable discussion. Mr. Walsh 


and others have supported the theory that they come from the alpine 


*Prof. Hind, Assineboine and Saskatchewan Exploring Expedition. 
t See 8. H, Scudder in Hayden's Final Report on Nebraska, p. 252: also, Harris’ Insects Injurious to 
Vegetation, p. 165, 
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regions of the Rocky Mountains, and issuing from their vallies and 
candns, spread eastward over the plains. It seems, however, to be now 
very generally conceded, that the high and dry plains along the whole 
eastern base of the mountains, are their chief breeding places; to which in 
British America may, I believe, be added the entire area of the Lignite 
Tertiary plateau, and probably also the greater part of the third great 
prairie steppe. | 

719. The range of the insect (meaning by that term not only their 
chief breeding places, but the whole area known at one time or other to 
be overrun by them) is not bounded to the west by the Rocky Mountains, 


-except where these constitute, as in British America, the unbroken front 


of the western region of forest. They spread across the watershed in 
Colorado and Utah, and appear to have been observed by Mr. Byers in 
the valley of the South Fork of the Columbia River, near Fort Hall. 
Southward, according to Prof. Thomas, they extend as far as the Raton 
Mountains and into Texas; while to the east they have spread to the 
prairie country of the Mississippi, and have been known, on more than 
one occasion, to penetrate far into Iowa. The entire Province of Mani- 
toba is liable to their incursions, and they have penetrated in swarms as 
far east as the Lake of the Woods. Northward, they are probably only 
limited by the line of the coniferous forest, which approximately follows 
the North Saskatchewan River. 

720. The eggs of the locust are not deposited promiscuously, or 
uniformly distributed over the surface ; whether in their native breeding 
places or in their eastern colonies. High and dry situations, with hard 
soil, are preferred. Thus, when the young are hatched, from this original 
disposition of the eggs—and no doubt also from a natural gregarious ten- 
dency—they form colonies, which are often widely separated. These I 
have seen on the third prairie plateau in 1874, and the young insects 
are also noticed to be thus distributed in the Red River country this 
year,* and elsewhere, wherever they have been carefully observed. 
The insects do not seem to travel far from their hatching place for 
some days; but when they have increased somewhat in size, begin 
to move forward together, and in a determinate direction, though 
not by any means invariably from north-west to south-east. Dr. 
Studley, of Kansas, has experimented on the unfledged grasshoppers, 
by sifting flour on them in the morning, and measuring the distance 
travelled over by the insects so marked at night; and finds that 





* Fide A. L. Russell, 
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their rate of progress is from one-fourth to one-half mile per diem: In the — 
last week of July, 1873, I met the grasshoppers hatched out in the north- 
ern part of the Red River country, travelling southward down the valley. 
They were in the pupa stage, and appeared to be advancing more rapidly 
than the above measurement would indicate. Their fixed determination 
to travel southward was remarkable. 

721. On obtaining their wings, the grasshoppers prepare for flight, 
and only wait the advent of a favouring breeze, to set out in the direction 
which their instinct leads them to pursue. On July 12th of last year, I 
observed swarms ready for flight on the high plains of the third plateau, 
west of White Mud River, (long. 107° 35.) The day was hot and calm, 
and though many of the insects were on the wing at all altitudes in the 
atmosphere, they were following no determinate direction, but sailing in 
circles, and crossing each other in flight. The greater number were 
hovering over the swamps and spots of luxuriant grass, or resting on the 
prairie. A slight breath of air would induce them all to take to wing, 
causing a noise like that of the distant sound of surf, or a gentle breeze 
among pine trees. They appeared ill at ease, and anxiously waiting a 
favorable wind. 

722. The grasshopper has not intrinsic power of swift flight. It can 
bear itself up on the wing for a long time, but depends chiefly on the wind 
for propulsion, and travels fast or slow according to its motion. It flies 
only in the sunlight and during the warmer hours of the day, coming to 
the ground about 4 p.m., if the day be fine; or at any time when a heavy 
cloud covers the sun, or on the approach of a storm. Nor does it fly in 
any direction the wind may happen to blow, but has the extraordinary 
instinct to travel only on those days when the wind may favour it in its 
appointed course. This, as already mentioned, is generally south-east- 
ward, from its high-land breeding grounds to the lower and more fertile 
eastern regions. Itis not by any means invariably so, however; and 
some of the broods hatched this spring are already showing a similar per- 
sistent desire to move northward, while yet in their full strength and 
vigour. When the locust reaches nearly its eastern or southern limit, 
the organization of the swarms appears in great measure to fail, they move 
in almost any directon with the wind, or remain long on the ground — 
where food is abundant. After the deposit of eggs, which in the normal 
equence of events next happens, the insects are much exhausted, and 
soon die, though often making a last short fickle flight. 

723, Such is the usual life-history of the insect. The causes which 
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fortunately prevent its increase and continued abode in the eastern 
prairie region, appear to be chiefly climatic. It would seem that the 
locust requires to bring it to healthy maturity the dry warm climate of 
the higher plains. In the eastern colonies the young are sometimes 
hatched in considerable numbers by a mild autumn, and perish in the 
succeeding winter. A relapse of cold and damp weather after their 
hatching in the spring, causes the death of great numbers. The eastern 
brood is a weaker one, and is accordingly more subject to the attacks of 
disease, and parasites. Mr. Riley catalogues four of the latter.* The 
two first (Trombidium sericium, and Astoma gryllaria) are mites; the 
two latter (Tachina anonyma, and Sarcophaga carnaria) flies, the larve 
of which feed on the grasshopper and live within it. All these seem 
to have appeared in connection with the swarm of 1874, and their progeny 
of this spring, in Manitoba. The Trombidium or silky mite attacks the 
egg. The Astoma attaches itself to the mature insect, generally under 
the wings. 

724. The first appearance of the locusts in formidable numbers in 
the Red River Valley, seems to have been in the year 1818, six years 
after the foundation of Lord Selkirk’s colony. They then arrived on the 
wing in the last week of July, and destroyed nearly everything but the 
wheat crop, which partly escaped, being nearly ripe.t Eggs were depo- 
sited, and in the following spring, the wheat and all other crops were 
destroyed as fast as they appeared above ground. Eggs seem again to 
have been deposited in 1819, and in 1820 the crops are said once more to 
have suffered greatly. The next recorded incursion is that of 1857, from 
which it would seem that for 36 years the insect had not appeared. In 
1857, the crops are said to have been so far advanced as to escape great 
damage, but eggs were deposited, and in 1858 all the young grain was 
devoured. In 1864, they again appeared, and left their eggs, but neither 
the adults, nor the young of 1865 were sufficiently numerous or wide- 
spread to do much damage. In 1867, numerous swarms poured in, but 
did little injuty, the crops being too far advanced; their progeny in the 
ensuing Spring, however, devoured everything, causing a famine. They 
again appeared in 1869, the young in 1870 doing much harm. In 1872, 
fresh swarms arrived, but as usual, too late to do much damage to wheat. 
Eggs were left in abundance in the northern part of the Province, and in 
the following Spring the farmers over considerable districts did not sow. 


* Loc. cit. 
+ Alex. Ross. Quoted by Prof, Hind. Assiniboine and Saskatchewan Exploring Expedition, 
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In 1874, winged swarms again came in from the west, arriving earlier 
than usual, and inflicting great injury on the crops in some districts.— 
Eggs were deposited in almost all parts of the Province, and the result 
has yet to be seen.* 
725. To the question: what can be done to prevent the ravages of 
these insects ? The answer is by no means so satisfactory as could be 
desired ; yet it appears that much may be done by combination, and the 
cultivation of'a self-reliant spirit among the frontier settlers, aided by such 
wise legislative measures as may be framed, and carried into execution 
with a breadth commensurate with the territory to which they should 
apply. It is now known that a very great area, comprising the chief 
breeding grounds of the locust, must always remain unsettled, or occu- 
pied only as pasture grounds. It cannot therefore be hoped, that advanc- 
ing cultivation will restrict the breeding area; yet even here it seems 
that some effort may usefully be made. The vast extent of the western 
plains might at first seem to preclude the possibility of embracing them 
in any comprehensive measure, but their character renders this less diffi- 
cult than would appear. By a system of inspection, in which many men 
need not be employed, the chief localities in which eggs were deposited 
in the autumn, over immense areas, might be learned. Then when the 
young brood appears in Spring, the systematic firing of the prairie grass 
over these areas, would, if it did not destroy the whole of the young in- 
sects—yet render the country for a time so barren that the greater part 
of them would probably perish. 'To preserve the prairie grass from fires 
the preceding autumn, would be the nost difficult part of this scheme, 
but by taking advantage of rivers and other natural features, and the 
addition of ploughed lines, as fire-guards in some places, a very great area 
might be so divided into isolated blocks, as to prevent the very wide 
spread of any accidental fire. This precaution seems a desirable one also, 
as a measure in the systematic preservation of timber trees. Supposing, 
however, that it became known that grasshoppers in, great numbers had 
hatched, and were likely to descend on the settlements, it would appear 
possible by preconcerted arrangements, to form, by firing the prairie at 
the appropriate time, a broad black zone across the line of their migra-_ 
tion, which the insects would not willingly cross. There would be little 





* With the idea of acquiring as much information as possible on the invasion of 1874, I issued a num- 
ber of circulars to Manitoba, the Western States, and various parts of the N. W. Territories. I have to 
thank the gentlemen who have been kind enough to return these circulars, for much valuable informa- 
tion. The number received has, however, not been so great as expected, nor has the information in all 
cases been precise as to direction aud date. I have therefore been obliged to abandon the idea of con- 
structing a complete map of their migrations for last summer, but may yet make use of the general 
information obtained, 
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difficulty—supposing the existence of proper fire-guards, as above sug- 
gested—in producing within a few days a belt of black country 100 miles 
wide, altogether beyond the present limits of the Province of Manitoba. 

726. When a horde of winged locusts comes down on the settlements, 
comparatively little can be done to prevent the destruction of the crops. 
Swarm follows swarm, often for days together, and eventually overbear 
resistance. By the use of smoke, which is allowed to drift across the 
fields from smothered fires or ‘smudges,’ many of the insects may be 
prevented from alighting. In southern Minnesota, a process called 
roping’ the grain has been attended with considerable success. A horse 
being fastened to each end of the rope, it is dragged to and fro across the 
field, brushing the insects from the stalks, and often causing them at last 
to fly off. They may also be caught in great numbers in scoop-nets and 
bags, especially when somewhat torpid, in the evenings and mornings; 
and where the area affected is limited, this may be usefully employed. 

727. Whenever the grass-hoppers have deposited their eggs, atten- 
tion should be turned to these. The method of destruction which seems 
to have been found most successful in the Western States, and else- 
where, is fall ploughing. The egg-tubes are thus deranged, and most 
of them buried by so deep a layer of earth, that they either do not 
come to life at all in the succeeding spring; or hatch so late, and in 
such small numbers, that they do comparatively little injury to the 
crops. This also allows early spring sowing, and gives the grain time to 
attain some growth before the young locusts come down on‘it. This 
ploughing should extend, as Mr. Taylor has shown, to roads and other 
bare spots where great quantities of eggs have been laid. Of more lim- 
ited applicability is the collection of the eggs by hand, as practised in 
different parts of the old world.* The inhabitants, armed with sharpened 
sticks or hoes, go out together to the spots where the eggs are known to 
be most abundant, and receive a government bounty by measure for the 
eggs collected. In a country where the settled area is quite small, in com- 
parison to that lying waste, this would probably have little result, 
except in cases where the deposit of eggs was confined to a somewhat 
limited area, when its vigorous adoption might not only save the crops 
of the immediate vicinity, but those of other localities which the grass- 
hoppers might visit, when afterwards taking flight. 

728. Inspring, the war should be continued, and as soon as the young 





* See the translation of an essay by V. Motchulsky, in the Smithsonian Report, 1858. Many plans of 
destruction of locusts are here mentioned, and statistics, &c., concerning them given, 






310 B. N. A. BOUNDARY COMMISSION. 


are hatched, means must be devised for their destruction, aided if need < e 
be by government bounties. Burning the prairie in dry weather; the aie 
use of heavy rollers; driving the young insects together by converging ¥ 
circles, and destroying them with flat wooden shovels ; driving them into | 
straw, which is afterwards fired, or into fires, streams, or ditches, have all 
been employed with greater or less success. The various species of black- 
birds, the prairie hens, and other birds, will also aid in their destruction at 
this season, and where large flocks of domestic fowls are kept they will 
materially assist. Fields may also be protected from the young insects 
wherever a ditch of moderate width surrounding them, can be filled 
with water. 

729. The locust appears to be well nigh omnivorous, and though 
showing a preference for certain kinds of food, will eat almost any plaut 
in case of need. There is therefore no crop which may be grown with : 
assurance in a grasshonper year. It is very generally found, however, 
that they avoid sorghum and broom-corn; and when other food is to be - 
had they do not eat potatoe-tops, beets, or tomatoes. They also appear | 
to have a general dislike to the Leguminose, and prefer other plants to : 
peas and beans. ‘This last fact may stand in causal connection with the 
great abundance of leguminous plants found on the western plains, an 
abundance obtaining both specifically and numerically. Wheat would 
appear to be one of the surest crops, when foreign swarms are expected, 
as it very generally ripens before their arrival. That it may do s0, 
however, it is necessary that the seed should be sown as promptly as 
possible in the spring. | 

730. Manitoba, from its more northern position and proximity to 
the great forest regions, appears to be less liable to wide-spread visita- 
tions of the locust than the regions further south, and the swarms which 
appear do not seem to be so dense or destructive. Some of the above 
mentioned means may consequently be employed here with success, but . 
I believe that a great part of the Western States and territories will 
always remain subject to periodical invasions. The extensive planting 
of trees, and the establishment of belts and groves of woodland over the 
area of the plains suitable for agriculture, seems to offer a future pros- 
pect of amelioration. The breaking up of the surface of the country in— 
this way, will not only tend to prevent the swarms from spreading 


. 
| 
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themselves so widely and uniformly, but will encourage the increase of 
birds and other animals likely to prey on the insect; and will besides 


tend to bring about a change in climate, which will render it less 
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suitable to the invaders, and especially unsuited for their propagation 
and increase. 


731. The supply of wood for building, fencing, and fuel, over a great 
part of the North-west, is a matter which appears to require immediate 
attention. The existence of great areas of plain, almost entirely desti- 
tute of timber trees, is now generally known, and on another page of 
this Report, it has been attempted to estimate the part of this region 
which lies to the north of the Boundary-line. Apart from the great imme- 
diate disadvantages of so vast an extent of treeless prairie, its presence, 
and the complete absence of forest-clad areas, cannot but have a 
very serious effect on the climate of the whole interior region of the 
continent. 


732. Several writers have devoted attention to the cause of the tree- 
lessness of the plains; and while on one hand it has been argued that 
the whole, or almost the whole, interior region of the continent has been 
forest clad; it has been contended by others that the greater part of the 
area has never been covered with trees, and certain reasons have been 
brought forward which show, in the opinion of those on this side of the 
controversy, that the prairies are incapable of supporting a forest growth. 
The plains are known to have been thickly clad with coniferous and other 
forests, in the Tertiary period, but there are other circumstances tending to 
show that in comparatively modern, and post-glacial times,a very much 
greater area was tree-clad than at present. Chief among these is the great 
abundance of land and fresh-water shells, in the later deposits of the 
Missouri, already mentioned, and the gradual desiccation, which, on 
the testimony of many observers, has been, and is still, going on over 
great areas of the West. This, though it may at present be intensified 
by extra-terrestrial influences, bringing about cyclical changes of cli- 
mate, cannot be entirely attributed to such causes, but is the natural 
result of the decreasing area of the region of forest. Against these 
facts may be placed others tending to an opposite conclusion, or at 
least to the modification of the idea of the former universality of 
forests. The absence of systems of drainage vallies in many regions, 
has been already referred to, as showing the improbability of former 
great rainfall. The absence of any remains of old forests, or of roots, 
or drift-wood in the subsoil and alluvial deposits of the greater part 
of the plains, would appear to have a like meaning. It would seem 
most accordant with the facts, as they are at present known, to con- 
clude that, since the glacial period, the plains have never been entirely 
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covered with forest; but that extensive prairies bave continued to 
exist in the drier regions, from that time to the present day. 


733. The causes now in operation tending to the perpetration and 
spread of the treeless area, are suiticiently obvious, being prairie fires and 
their attendant consequences. Judging from the present origin and in- 
fluence of these conflagrations, it can hardly be doubted, that ever since 
the first peopling of this continent, the area of treeless prairie has been 
in process of enlargement in an increasing ratio. 

734. In the vicinity of the forty-ninth parallel, west of Turtle Moun- 
tain (long. 100°), trees are never found growing on the open surface of the 
plain. When they exist, they lurk in sheltered river yallies and ravines, 
where they are protected, in great measure, from the sweep of prairie 
fires, and find more abundant moisture ; yet even in these retreats, they 
suffer periodical destruction. On the growth of trees for a number of 
years, they become surrounded with much vegetable matter, and the fire 
catching in this, burns down into the valley, and sweeps away a greater 
or less area of woodland. 

735. The increase of the area of the plains at the borders, and the 
destruction of the forest, are clearly perceptible, and have been noticed by 
ail the explorers of the region. Capt. Palliser writes :—‘ Large tracts of 
country now prairie lands have at one time grown valuable forests, and 
their present absence is the result of the repeated ravages of fire. Where 
a scattered and stunted growth of willows is found, as a general rule 
was ancient forest land, which, when dug to a sufficient depth, still dis- 
closes numerous roots of destroyed timber,” and in another place :—“ It 
is most lamentable to see so often such masses of valuable timber des- 
troyed, almost invariably by wanton carelessness and mischief. The 
most trivial signal of one Indian to another has often lost hundreds of 
acres of forest trees, which might have brought wealth and comfort to 
the future settler, while it has brought starvation and misery to the 
Indian tribes themselves, by spoiling their hunting grounds. The 
Indians, however, never taught by experience, still use ‘signal fires’ to 
the same extent as in former years, driving the animals from their re- 
treats, and marring the fair face of nature for the future colonist.” * 
Mr. Selwyn, in his last published report, makes the following remarks on 
the same subject: ‘* The drying up of the country already alluded to has 
been ascribed to various causes, but is generally supposed to be con- 


*Exploration of British North America, pp, 83, 89. 
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nected with the gradual destruction of the forests over large areas, by 
fire, diminishing the rainfall. Whatever the effect may be of these de- 
structive conflagrations, in reference to the water supply of the region, 
there is no doubt that at different times almost every square mile of the 
country between Red River and the Rocky Mountains, has been sub- 
jected to them; and that hundreds of miles of forests have thus been 
converted into wide and almost treeless expanses of prairie.” Now 
that attention is so prominently drawn to the North-west as a region 
for settlement, it seems time that some legislative action, having for 
its object the prevention of these disasterous prairie fires, should be 
taken. 


736. With such a potent cause as this still in active operation, it 
would scarcely seem necessary to search further ; yet to account for 
the present treeless condition of the plains, many theories have been 
brought forward. It has been contended that the extreme fineness of 
the prairie soil prevents the growth of trees,* but in the Red River 
and Mississippi Vallies, trees are found growing, and attaining a very 
large size, on the finest varieties of this soil. Again, the peaty character 
of the soil, is urged as a cause of treelessness. It is supposed to have 
been formed during the gradual recession of great lakes, and to be 
unfavourable to the growth of trees, like that of modern peaty swamps, 
from the proportion of ulmic acid which it contains. The firm and 
tough nature of the prairie sod, and the well established supremacy 
of the grasses, is also mentioned, and is no doubt a true cause to 
a certain extent. The presence of ‘alkali’ or saline matter in the 
soil, has also been suggested as a cause, and though it may have some 
effect in exceptional localities, I have not observed that its occurrence 
in small quantity is incompatible with the growth of trees, except in 
so far as it may tend to show the too great dryness of the soil. It 
has also been stated, that as at a comparatively modern period, the 
whole interior region of America has been submerged, and as large 
lakes are known to have covered extensive areas of low-lying prairie 
in even more modern times; that the forest growth has not yet had 
time to spread again over the re-elevated surface.{ It seems to have 
been forgotten by the advocates of this last theory, that many of the 
trees best suited for growing on the prairie, have light winged and 





*Whitney, Geology of Iowa, vol. I. 
t Lesquereux, Am. Journ. Sci. and Arts, May, 1865. Geology of Illinois, vol. 1., 1866, &c. 
} A. Winchell, Am. Journ. Sci. and Arts, Nov., 1864. Sketches of Creation, 1874. 
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feathered seeds, capable of long aerial flights. The various species of — 
poplars and willows may be specially mentioned, and it is a fact which 
any one can observe, that the seeds of the birch are often found far from 
woods, drifting over the open country with the snow. There are pro- 
bably few large areas of the plains which are not every year more or less 
thickly seeded with, at least, willow and poplar. 

737. The excess of moisture in the soil, during some months, has 
also been brought forward, but certainly cannot apply to any consid- 
erable area west of the Mississippi and Red River. The dryness of the 
soil and atmosphere, as a cause of treelessness, has deservedly received 
more attention, and is undoubtedly a true cause over great areas. — Prof. 
Dana upholds this theory, and has very clearly shown the relation of 
prairies and regions of drought.* The seeds of trees and shrubs, and of 
all plants, except those suited to withstand the greatest desiccation, 
though they may be scattered broadcast, and may germinate in the 
spring, are, in many districts, within a few months killed by drought; 
or, even where the moisture may be sufficient for their growth, it may 
not be enough to afford protection from fire. In these regions a patch 
of forest once destroyed does not renew itself, and can only be restored 
by care and cultivation. 


738. The area of the interior plains can never, since the complete ele- 
vation of the Rocky Mountains, have been a very moist one. The winds 
with their prevailing direction toward the east, in passing over three to 
five hundred miles of serried peaks and ridges, loose a great proportion 
of their moisture; and a great part of the rain which should be spread 
over the entire west, is expended on a comparatively narrow strip of 
country along the coast. All the facts at present known, however, 
~ strengthened also by analogy with other countries, appear to show that 
the dryness of the plains is in great measure intensified by their treeless- 
ness. The very dryness of the atmosphere and soil, is thus brought about, 
to a great extent, by the destruction of forest areas by fire, and the effect 
is a cumulative one. When therefore it is asked—why, if the prairies 
were originally in great part forest-clad, they do not now show any ten- 
dency to revert to that condition, or even to renew the growth of trees 
over lately burned areas? It may be answered: that while the area of - 
prairie was still quite small, there would be an immediate effort in that 
direction, but that as the prairie with its hot, parched, and rain-repelling 


* See especially Am, Jour, Sci. and Arts, vol. xL., p. 297, 
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surface increased, the effort would become more feeble. Around its bor- 
ders the forest is however still capable of spreading spontaneously where 
protection from fire is afforded; and it is observable, that in many direc- 
tions the prairie land has already reached its natural limit, and that its 


further extension, and the accompanying increase of drought, are checked 


against regions too much broken by irregularity of surface, or sub-divided 
by swamp and lake, to allow wide-spread conflagrations. 

_ 739. Many facts are already known which tend to show the progres- 
sive desiccation of the West in modern times; and explorers are con- 
stantly meeting with additional evidence of the same kind. Over the 
greater part of Montana, forest once destroyed is not naturally renewed, 
here and there a few trees are found which appear to be remnants of for- 
mer forests, and there is some reason to believe that ‘ even where undis- 
turbed by the hand of man, the forests are gradually disappearing from 
natural causes.”* Similar facts are also observed in California. In Da- 
kota, Prof. Thomas finds ‘dry lakes,’ or the dry basins where lakes 
formerly existed, now entirely devoid of water, and which do not appear 
to have been in this state many years. Even the lakes which still con- 
tain water, are said to have the appearance of decreasing year by year. 
There are also evidences of former swampy spots where the grass is still 
more luxuriant than that surrounding it, but the water has disappeared 
from the surface.”+ These hollows and lakelets no doubt resemble those 
of the second prairie plateau north of the Line, and though I believe 
many of the appearances bear other interpretations, there still appears to 
be a residuum of evidence in favour of change of climate for the worse. 
In south-western Minnesota, Prof. Winchell has recorded facts concerning 
the former deposit of calcareous tufa, which appear to have a similar 
bearing.{ Mr. Selwyn’s observations to the same effect on the second 
prairie steppe between the Qu’ Appelle and the Saskatchewan, have been 
already referred to, he writes with regard to the little lakes of the 
prairie :—‘“ They appear all to be gradually diminishing in size or drying 
up. This, Macdonald tells me, has been going on steadily for several 
years. He says that what were formerly large lakes are now small 
pools, and all the lesser ones are already quite dry, and their beds over- 
grown with grass and weeds.” § 

740. Evidence similar in teno1 to the above, is met with constantly 


*U.S. Geol. Surv. Territ., 1871. t+ U.S. Geol. Surv. Territ., 1872. p. 305. 
i *t Second§A nnual Report. Geoi. Surv., Minn., p. 197, 
$ Report of Progress. Geol. Sui v. Canada, 1873-74, p. 27. 
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on the plains, and the change toward desiccation would therefore 
appear to be widespread, and is often, even by the least scientific 
observers, attributed directly to the decreased area of forest. That 
this may at least be a great part of the cause, is rendered evi- 
dent from the proved effect of the destruction of forest-land, in other 
and better known regions. Where countries situated in a too humid 
and chilly climate, have been to a great extent bared of forest, direct 
amelioration appears to have resulted, but where this denudation has 
been carried to excess, or where the rainfall is naturally not more 
than sufficient, disastrous effects have followed. The annual rainfall 
has been observed to diminish, or in places where it is small, the sum- 
mer precipitation has failed altogether. The climate has become more 
extreme, springs have disappeared, and districts formerly under culti- 
vation have had to be abandoned. 

741. Sir R. Murchison observed such effects in Russia. He writes: 
“The axe of the miner has been a prime cause of this increasing 
drought. The inhabitants of the Ural Mountains, complaining of the 
annual decrease of water, invariably refer this effect to the clearing 
away of the forest.” Dr. Strzelecki, speaking of New South Wales, 
says: “The destruction of forests has rendered the climate drier, and 
is threatening the interests of agriculture.”* Similar results have been 
observed to follow the clearing of forest lands in France, Spain and 
other countries of Europe, in Africa, in India, and elsewhere; and were 
the fact disputed it might be substantiated by other references. and 
quotations. Boussingault, Sir John F. W. Herschel, and other meteoro- 
logists, who have given the subject attention, concur in their estimate 
of its importance. 

742. The converse of this proposition can, however, fortunately be 
proven, and increased rainfall and general amelioration of excessive 
climates, have been found, to a greater or less extent, to follow the 
renewing of forests, and in some cases to result from the judicious 
planting of comparatively inconsiderable areas of trees. These results 
have naturally been observed, for the most part, in the old world; and 
especially where attention has been paid to forest growth and culture 
for some time. Babinet and Blangi concur in stating that rainfall has 
been caused in the previously rainless region of Lower Egypt by the 


* Quoted by A. Fryer, in a series of articles, entitled the Influence of Forests on Rainfall, published 
in “ The Sugar Cane.” Much valuable information on this subject has been collected by Mr. Fryer. 
See also memorial on behalf of the Board of Agriculture to the Legislature of Maine, 1869, 
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growth of plantations, and a similar effect, coupled with the increase of 
springs in number and volume, has been noticed in France, South 
America, Australia, Madeira, St. Helena, and other countries.* 


743. A country clothed with arboreal vegetation is, to a great 
extent, protected from denuding agencies, by the mat of vegetable soil 
with which it becomes covered. The shade afforded by the trees, also 
prevents the too rapid abstraction of moisture from the soil, and it 
is accumulated in the subsoil, and the supply of springs and rivulets 
regulated and maintained. The precise manner, however, in which a 
mantle of trees acts, in causing increased precipitation, is not so well 
known. The foliage, no doubt, tends to retard and arrest currents of 
air, and by lowering the temperature of the stratum nearest the earth 
causes the formation and growth of clouds. It would appear, however, 
that a great part of the influence is of a more subtle nature, and depends 
on the electrical state of the air and earth. Mr. Fryer evidently inclines 
to that opinion. Trees rooted deeply in the damper layers of the soil, 
and ending upwards in innumerable conducting points and edges, must 
tend silently to neutralize the differently electrified air and earth, and 
relieve that state of tension, which, when it exists in the former, causes 
the repulsion of the aqueous particles, and prevents their coalesence and 
precipitation. The prairie grass when it is green and fresh, may, to 
some extent, have, in this way, the same effect as trees; but it is at once 
apparent, that a hot and parched surface, whether of rock or sand, or dry, 
withered grass, must not only not attract rain, but actually tend to repel 
it, and prevent the precipitation of the moisture existing in the atmos- 
phere. Last year, on the second prairie steppe, I noticed the formation of 
clouds over the broken and wooded area, known as Turtle Mountain, 
which, though it may have been brought about in some measure by its 
elevation, seemed to be caused chiefly by its forest-clad surface. The 
wind was fresh, and blowing from the south-south-east. and though the 
whole sky was hazy, with light clouds, a persistent cloud-cap seemed to 
form over the higher wooded area, and tail away towards the north, 
some light showers falling upon the mountain at the same time. 

744. The Great West of America is too new to have yet accumulated 
many facts from experience, but in several directions, encouraging results 
have already been observed to follow the advance of settlement, and the 
planting of trees. ‘“ When the Mormons first settled in Utah, they found 





*See Fryer, loc. cit. 


318 B. N. A. BOUNDARY COMMISSION. 





the district barren. Water had to be brought almost incredible distances, 
in wooden pipes. Trees were carefully planted, and nourished with the 
water so brought, and now the district may be termed the garden of the 
world, and is not dependent on water brought from a distance, but enjoys a 
steady rainfall.”* Iam informed by Mr. Groo, editor of the Salt Lake 
Herald, that the climate is still changing rapidly, he writes: “The lake is 
gradually rising, and has been for many years. It is perhaps four or five 

feet deeper than it was twenty years ago. This is doubtless due to change ; 
in the character of the seasons. Hach year the amount of rain that falls in 
this valley is greater than that which fell in the previous season; hence 
the streams of water which flow into the lake are larger. The water of 
the lake is not so strongly impregnated with saline matter as formerly, 
and not so much salt is found on the shores, a8 there was a few years 
ago.” Dr. Hayden, as far back as 1867, is able to write :—“ The settle- 
ment of the country, and the increase of the timber have already 
changed for the better, the climate of that portion of Nebraska lying 
along the Missouri, so that within the last twelve or fourteen years, the 
rain has gradually increased in quantity, and is much more equally dis- 
tributed throughout the year.”+ And again, in 1870, “ It is true that, 
over a width of one hundred miles or more, along the Missouri River, 
the little groves of timber are extending their area; that springs of 
water are continually issuing from the ground where none were ever 
known before; and that the distribution of rain throughout the. year is 
more equable.” { Mr. R. 8. Elliot states that there is a popular persua- 
sion in Kansas, ‘“ that a climatic change is taking place, promoted by the 
spread of settlements westwardly, breaking up portions of the prairie 
soil, and the covering of the earth with plants which shade the ground, 
more than the short grasses. The fact is also noted, that even where the 
prairie soil is not disturbed, the short buffalo-grass disappears, as the 
‘frontier’ extends westward, and its place is taken by grasses and other 
herbage of taller growth.’’§ 

745. The treeless plains of the western portion of the United States 
are estimated to have an area of 400,000 square miles; adding to this 
the plains north of the forty-ninth parallel, with a probable area of 
192,000 square miles, we obtain as an approximate total area of the 
great treeless plains of North America, the sum of nearly six hundred 
thousand square miles. The injurious effect of a treeless region so vast 


* Quoted by Fryer, loe cit. t U.S. Geol. Surv, Territ., 1867-69, p. 14, 
t U.S, Geol, Surv. Territ., 1870, p. 104, § Ibid., p. 455, 
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as this, on the climate of the western part of the continent generally, 
cannot but be very great; and if in the course of time, any considerable 
fraction of it can be planted with trees, or brought under the plough, the 
resulting amelioration in climate will be remarkable. 


746. Mr. Elliott in his report, makes the following very suggestive 
remarks :—“ Were it possible to break up the surface to a depth of two 
feet, from the ninety-seventh meridian to the mountains, and from the 
thirty-fifth tc the forty-fifth parallel, we should have in a single season a 
growth of taller herbage over the entire area, less reflection of the sun’s 
heat, more humidity in the atmosphere, more constancy in springs, pools, 
and streams, more frequent showers, fewer violent storms, and _ less 
caprice and fury in the winds. A single year would witness a changed 
vegetation and a newclimate. In three years (fires kept out) there would 
be young trees in numerous places, and in twenty years there would be 
fair young forests. — The limited area which it is in our power to turn up 
by the plough, will have the same results in kind, to follow a breaking of 
the entire surface, but less effective than if the operation were universal. 
Yet a beginning can be made by the Railway Company, and by indivi- 
duals. — A few acres at intervals across the plains, or only a few clumps 
of trees growing without regularity will be a demonstratiop more effective 
than theory.’”’* 


The possibility of the successful growth of trees on the prairie, 
when the most suitable localities are chosen, and proper care given to 
their planting and cultivation, has already been demonstrated in many 
parts of the West. Many interesting facts on this point, and on the ra- 
pidity of growth of the trees, will be found scattered through the various 
reports on the Western Territories of the United States. Dr. Hayden 
gives the following statistics of growth of plantations in Nebraska, some 
of them situated on the higher level prairie, six hundred feet above the 
Missouri River.f Cotton-wood (Populus monilifera) of seven years growth, 
with 2 circumference of 2 feet; ten years growth, 2 feet 4 inches to 2 
feet 11 inches, and 25 to 30 feet high. Soft maple (Acer rubrum) of seven 
years growth, with a circumference of 1 foot 10 inches, to 2 feet 1 inch, 
and 15 feet high; ten years growth 2 feet 8 inches. Box-elder (egundo 
aceroides) ten years old with a circumference of 2 feet 2 inches. And 
other varieties of trees showing similar rapid increase in size. Dr. 
Hayden is of opinion that within thirty to fifty years forest trees may be 


* Toc. cit., p, 457. + U. S. Geol. Surv, Territ., 1867-69. 
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grown large enough for all economical purposes, and instances a case in 
which, in ten vears’ time a farmer was able to supply his own fuel from 
the limbs and dead trees of his plantations, which would otherwise have 
gone to decay, 


747. It has been estimated that about one-third of the surface of a 
country should be in the state of forest to secure the greatest climatic 
advantage, and to yield a sufficient supply of wood for the various pur- 
poses of settlement and civilization. Such an estimate is necessarily 
only approximately correct, and there are various circumstances, differing 
in each locality, which tend to modify it, chief among which is the pre- 
sence of mineral fuel, and the neighbourhood of extensive and unbroken 
tracts of forest. If, however, it be reduced to one-fourth, to cover the 
case of the parts of the North-west more immediately suitable for settle- 
ment, it will still be apparent how far these fall short of the required 
proportion. In the territory of Dakota, the highest estimate places the 
timbered area at from 3 to 5 per cent of the-whole only. The proportion 
of timber in the Province of Manitoba, as at present constituted, is much 
greater, but is still too small; especially when it is taken into considera- 
tion that a great part of the woodland lies together in the eastern region, 
and is far removed from many of the districts best suited for agriculture. 
West of the 100th meridian, there are regions of greater size than this 
Province in which the tree-covered area is almost nothing. 


748. In Manitoba, and the North-west generally, then, on the first 
introduction of settlement and civilization, problems concerning the 
maintainence and planting of forests are found, which have not presented 
themselves till late in the history of most countries, and have then given 
rise not only to extensive enquiry and research, but to the inclusion of 
Forestry as a branch of the Civil Service, and the appointment of 
skilled superintendents and conservators. Though it has been clearly 
proven that there is an area of the Canadian North-west capable of 
immediate settlement, and sufficieut for some time to come; there are 
vast regions in which the evils of the absence of timber, and its attendant 
results, are too great for the settler to struggle against unaided. Con- 
sidering that the amelioration of the conditions in these regions must be 
a work of time, it cannot be too soon begun, and must proceed either as a | 
public work, or one encouraged and protected by the Government. 
Woods and belts of timber, already existing, should be protected and 
maintained ; areas formerly wooded, replanted; and the planting of wood- 
land de novo pushed forward in every suitable locality. It cannot be | 
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doubted that the results of such a policy will be, not only the redemp- 
tion of great areas of wild, open prairie, but a very sensible improvement 
of climate. 

749. The question, however, for its satisfactory and rapid solution, 
requires the formation and execution of a comprehensive scheme, which 
shall embrace not only the direct planting and protection of trees, but 
he shaping of the general policy, with regard to the settlement of the 
country, to the same end. In such a scheme it would appear to be 
necessary to consider the following points :— 


I. The planting of trees should be undertaken and encouraged. 

750. This might require to be carried out as a public work in the 
remote districts, but where settlement is going on, or has taken place, the 
planting of sufficient areas might be brought about by legislative action ; 
which might take the form of exemption from taxation for a certain num- 
ber of trees set out, or even in exceptional circumstances, be of the nature 
of adirect bounty on planting: In several of the Western States and Terri- 
tories such a course has been adopted. In Nebraska, where more planting 
has probably been done than in any other country so new, the act of 1869 
exempts from taxation property to the value of $100 for five years for 
each acre of forest-trees planted and cultivated for timber. It being pro- 
vided that the trees are kept in good growing order and set not more 
than twelve feet apart. This enactment is said already to have produced 
a very considerable effect, many settlers availing themselves of it. The 
French, Italian, and other Governments have similar regulations.*— 
Russia with regard to the distribution of its forests much resembles 
British America, for though its wooded area is estimated at forty per 
cent of the whole, it is very unequally distributed, and internal communi- 
cation is yet imperfect. The Southern Provinces are very poor in tim- 
ber, and since 1842 a Government Forest Administration has been 
planting largely. Between 1866 and 1870, 20,000 acres have been planted 
exclusive of the action of private owners. + 

751. An important item under this head is the collection and circula- 
tion of information, both with regard to the species of trees most suitable 
for each locality, and the best methods of planting and cultivation. Ex- 
perimental plantations of different kinds of trees, indigenous and foreign, 
in the various districts, would be very instructive. Nature, of course, 
to acertain extent, indicates the best species to occupy advanced positions 

+P. N. Werekha Notice sur les Abii pela erodeiia. Quoted in Nature, Jan, 28, 1875. 
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on the plains, but there may be others, which ifintroduced, would succeed 
at least equally well. The various species of spruce and pine, though not 
occurring naturally on the prairie region, if they will grow there, would 
form efficient wind-breaks. Among other trees particularly suitable, may 
be mentioned the various species of poplars and willows, which have 
the advantage of being easily propagated by cuttings, where the soil 
is at all damp in spring; and also the ash-leaved maple. All these are 
trees of rapid growth. For low ground or the borders of sloughs and 
coulées, elms suggest themselves as a valuable addition; and to secure 
the permanence of woods when once established, oaks—of which several 
species would no doubt succeed—birch, and other hard-wood_ trees, 
should be planted among the poplars and maples, and when these are 
failing, will still be in their first vigorous growth. It has also been 
argued with much show of reason, that to produce the greatest amount 
of wood, and timber of real practical utility, suited to fencing, and 
other needs of the settler, the trees should be planted much closer 
together than suggested by the Nebraska law. ‘They then support 
«.ch other better against the boisterous winds of the prairie, and 
form clean long sticks, which can be thinned out as occasion requires, 
It has also been pointed out by Mr. Hodges that they shade the 
ground when thickly planted, and prevent the growth of grass from 
interfering with them. 

752. From facts already stated it will be seen that the growth of 
trees of fair. size is not necessarily the work of a great many 
years, especially if some care be given them, and ploughing about their 
roots attended to while young. The wood cut out in thinning a few 
acres, will, after a few years, serve the farmer for fuel, which if counted 
at the current rates, will in a short time pay the cost of planting and 
attention. The settler then finds himself with a valuable area of wood- 
land, worth perhaps $100 to $200 per acre. When it once becomes 
well understood that the growth of timber trees from the seed, is as 
certain as that of any other crop, and that they require a comparatively 
small amount of cultivation, it will cease to be necessary to induce the 
settler to plant and care for them. 

II. Economy in the use of Wood should be observed 

753. This must be done for the most part indirectly, by popularizing 
substitutes for this material. For building purposes, where wood is 
scarce it has only to be shown that itis possible to make concrete or ar- 
tificial stone from some of the gravels of the district ; which will make 
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as substantial and warm buildings, and more permanent ones, to dis- 
courage the use of trees for this purpose. Many ofthe prairie subsoils 
and clays will make bricks, but fuel is usually required to burn them. It 
has been found, however, in some parts of the western territories that 
pressed and sun-dried bricks stand very well. : 

754. It is for fuel, however, that the greatest quantity of wood 
is required ; and to economise in this respect it is necessary to encourage 
in every way the opening up of the various beds of coal and lignite. Also 
to have the areas likely to yield such fuel carefully surveyed and tested 
by boring or otherwise, so that the most eligible parts of them, and those 
nearest the thickly settled districts shall be determined. The probability - 
of the discovery of such fossil fuel in various parts of the prairie region, 
has already been discussed, and something has been said on the possibility 
of obtaining a supply of peat, with especial reference to the valley of the 
Red River. This is a material not to be despised, when it can be ob- 
tained of the best quality ; and which, when the price of fuel is rather 
high, will bear transport to a considerable distance. There are also many 
areas which yield an inferior peat, much mixed with earthy matter, 
which may yet be dug and used on the spot with advantage. This may 
be distinguished as slough peat, and as it occurs on the prairies, generally 
forms a comparatively shallow stratum of a foot or two at the bottom of 
the little depressed swamps, or half-dry lakes. Many a farmer, by a 
little search in his immediate neighbourhood, might find spots where it 
would be easy to obtain this material, and by digging it out in blocks 
and stacking it, might lay by the greater part of his winter’s supply of 
fuel at a small cost in labour.* 

755. Under this head, too, comes the opening up of proper means 
of communication, by which coal from the mines, which may be estab- 
lished, and wood from the larger forests, may be brought to districts im- 
perfectly supplied, and prevent the destruction of scattered areas of wood- 
land. 


III.—Prevention of Prairie and Forest Fires. 


756. No subject requires more immediate and strict attention than 
this, for unless measures are taken to stop these destructive conflagra- 
tions—the effects of which have been already referred to—no appreciable 
benefit will result from the adoption of the other means. It may 
be said that it is very difficult to prevent the Indians from firing the 





*Compare N. H. Winchell in Second Annual Report Geol. Surv. Minn., where an interesting reswme 
of the various processes employed in peat manufacture will also be found, 
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prairie, which is true, but only applies to the regions far beyond any 
in which settlement is likely to take place for along time; and these 
fires seldom spread many hundred miles, without being checked by 


rain or otherwise. It is unfortunately the case, however, that the 


settlers themselves have acquired a habit of firing the grass in autumn 
or early spring, with the idea of producing better grazing, and clear- 
ing out the hay swamps. It seems urgently necessary that legislation, 
enforced if need be by rather severe penalties, should bring this custom 
to an end; or at least if it be considered a hardship to prohibit 
it altogether, to restrict it greatly, and allow it to be applied to 
small areas only, which are surrounded by a good broad ploughed line. 
It should also be rendered imperative that the fire should be watched 
during its progress, that if through any carelessness, it surpasses the 
bounds, the person setting the fire should be in a measure responsible for 
the consequences. It is of course easy to circumscribe fields, buildings, 
and fences, or plantations, with a few plough furrows, which if care- 
fully turned, form a very efficient barrier to the fire; but the wood 
growing at large on the prairie, and the belts of timber along the 
rivers and coulées, suffer almost annually from the incursions of fires, 
and are prevented from spreading, as they otherwise would. <A better 


illustration of this cannot be found than the Red River Valley south | 


of the Boundary-line. The fires on the western, or Dakota bank, are 
much more frequent, and have a broader sweep, and are also very 
generally urged forward by the prevailing wind. The woods fringing 
the stream on this side are consequently thin and poor, compared with 
those on the eastern bank; and there are great areas covered only 
with burned ‘ rampikes,’ and straggling bushes. The fire sweeping 
across the prairie is almost immediately extinct, but when it is carried 
forward to the thick belt of oak or elm trees, maintains itself in the 
dry vegetable soil and half-decayed timber, and may be detected by 
its lurid glare at night, often for a long time. 


757. The advantage derived from burning the old grass is very 
slight, and the young blades are exposed to the action of the night frosts, 
and to drought, ina manner which causes them to become stunted and 
soon dry. If the hay-swamps were properly cut the preceding year, 
they would not require to be burned. It will also be found more adyan- 
tageous to enclose ground, and sow proper hay-grass, and to place less 
reliance on the comparatively poor and thin prairie hay, which the 
farmer has sometimes to go a long way to obtain, 
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(A) Note on the Plants, collected by Mr. G. M. Dawson, from the Lignite 
Tertiary Deposits, near the Forty-ninth Parallel. 
By J. W. Dawson, F.R:S. 


The specimens consist of leaves and other remains preserved in shale, and of 
silicified woods, mostly found loose ; but without doubt derived from the same forma- 
tions with the other remains. Vegetable structures also appear in some of the Lig- 
nites, and can be developed by the action of caustic potash, or nitric acid. 


I.—LEAVES ETC., IN SHALE.—(PLATE XV1.) 


The greater part of these are in a light grey or brownish shale, from Porcupine 
Creek, and the vicinity of Wood Mountain ; but another and somewhat distinct group 
of species occurs in dark grey shale from Great Valley, from beds believed to be very 
nearly on the same geological horizon with the others. The first and more important 
group, with reference to numbers and state of preservation, we may designate the 
the Porcupine Creek Group ; the second, the Great Valley Group. 

The plants of the first of these groups are for the most part identical with those 
found by the American Geologists in the Fort Union series, and which have been 
described by Prof. Newberry and Mr. Lesquereux. They are also similar to plants 
collected by Dr. Richardson in the Lignite series of the Mackenzie River, as described 
by Heer, and represented by specimens in the collection of the Geological Survey and 
of the University. They also approach very closely to the so-called Miocene floras 
of Alaska and Greenland, as described by Heer ; and in their facies and in several of 
their species, they coincide with the Miocene flora of Europe. 

If we were to regard the affinities of the plants merely, and to compare them 
with the Miocene of other countries, and also to consider the fact that several of the 
species are identical with those still living, and that the whole facies of the flora coin- 
cides with that of modern temperate America, little hesitation would be felt in as- 
signing the formation in which they occur to the Miocene period. On the other 
hand, when we consider the fact that the lower beds of this formation hold the 
remains of reptiles of Mesozoic type, that the beds pass downward into rocks holding 


- Baculites and Inocerami, and that a flora essentially similar is found associated with 


Cretaceous marine animal remains both in Dakota and in Vancouver’s Island, we 
should be inclined to assign them at least to the base of the Eocene. They have in 
fact been thus variously placed, and recently Lesquereux has attempted to sub-divide 
the beds of the corresponding rocks in the United States into a series of groups, 
ranging from the Cretaceous to the Miocene. 
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In my judgment, any precise decision as to their geological age is premature. 
We have before us the fact that at a time when the Cretaceous fauna still prevailed 
in the sea, the land plants of America had already come in under the existing generic 
forms, and that some modern species had been introduced, and in the intervening 
time, while very decided changes have taken place in animal life, this flora has per- 
sisted with only specific change, and with no marked breaks. At the same time, it is 
evident that local diversities of station were sufficient to produce very distinct floras 
in different localities at one and the same time, and the paleontological botanist is. 
constantly in danger of mistaking local diversities for differences in age, and on the 
other hand, if correlating beds of different ages, in consequence of the similarity of 
their fossils. 

In these circumstances, it is rash to identify the beds, on the evidence of plants 
alone, with particular sub-divisions of the Tertiary elsewhere. In order to do this 
with certainty, it will be necessary to wait until the stratigraphical relations of the 
beds are better understood, and until sufficiently extensive collections haye been 
made to enable us to eliminate local differences, and to understand the actual pro- 
gress of the changes on the great scale which have occurred between the Cretaceous 
‘period and the present time. In the meantime, it is sufficient to hold that we have 
here a flora which in Europe would be regarded as Miocene, but which in America 
probably began to exist at a much earlier date, 

The small collection of plants from a dark clay, at Great Valley, indicates a 
somewhat different assemblage of species from that of the other localities, though 
believed to be on the same geological horizon. The leaves are mostly fragmentary, 
and not so well preserved as those of Porcupine Creek. Among them are Conifers 
referable to Sequoia Langsdorfii and Glyptostrobus Europxus, a Populus with large 
round cordate leaf, having distinct obtuse teeth, and pinnate venation, and resembling 
P. grandidentatus, a Sapindus, perhaps S. afinis of Newberry, a Cinnamomum, one or 
more narrow-leaved species of Quercus, a leaf similar to Hedera McClureit of Heer, 
and the remarkable equisetaceous plant described below, Physagenia Parlatorii, Heer 
Such an assemblage, supposing it to be on the same geological horizon, may be 
accounted for by supposing a marked difference of station, or some local change of 
vegetation, depending, for example, on an extensive forest fire, or perhaps the afflu- 
ence of a river bringing vegetable material from a distance. The flora as a whole 
has perhaps more resemblance to that of Lesquereux’s fourth or Green River group, 
as mentioned in Hayden’s report of 1873. 

The following list of species includes all the forms which I can certainly identify 
with the aid of the present material. In determining several of the species, and in 
comparing them with those found in the United States, I have been much aided by 
the kindness of Prof. Newberry. 


Filices. 


OnocLeA sensrpitis, L.—This well-known modern Fern, which occurs also in the 
Miocene of the Isle of Mull, in Scotland, and in the Fort Union group of Dakota, is 
found in great abundance in the clays at Porcupine Creek. Dr. Newberry has shown 
that it is not distinguishable from the existing forms, but most resembles that known 
as var. obtusiloba of Torrey. 
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~  Davatiia (Stenotoma) TeNnuiFotiA, Sw.—In the collections from Porcupine 
Creek, there are several fragments both of barren and fertile fronds, which I cannot 
distinguish from this widely distributed Asiatic species ; I give magnified tracings of 
portions of the fossils for comparison. I have not had recent specimens of the 
barren frond, and my determination is therefore based upon comparison of the fertile 
fronds, for specimens of which from the Himalayas, I have been indebted to the kind- 
ness of D. A. P. Watt, Esq., of Montreal. In any case, this fern is of the type of D. 
tenuifolia, and represents a genus not now found in North America. It is found in 
the same beds with Onoclea sensibilis. It appears to me just possible that the barren 
fronds described by Heer, as Sphenopterts Blomstrandi may be of this species. (PI. xvi, 
Figs. 1 and 2.) 


Equisetacez. 


EquisetuM, sp.—Numerous fragments of an Equisetum, not determinable; but 
similar to L. Arctica, of Heer, from the Miocene of Spitzbergen ; Porcupine Creek. 


PuysaGenia Partatoru, (Figs. 3 and 4,) Heer, Great Valley.—This curious plant 
first described by Heer, from the molasse of Switzerland, consists of cylindrical striated 
stems, with nodes at considerable intervals, and producing whorls of inflated or sack 
like bodies (ampullae,) which may have been of the nature of roots, or of submerged 
hollow leaves, or bladders. Heer seems at a loss to refer it to any definite place, 
but inclines to regard it as submerged portions of an Equisetaceous plant. The 
specimens from Great Valley are not distinguishable, specifically, from those he 


figures. 
Contfere. 


GtyptTostrorus Evropaus, Heer.—Branchlets and leaves, Porcupine Creek. This 
species is common to the Miocene of Switzerland, Alaska and Greenland, and is 
. found in the Fort Union group of Dakota, N ewberry. South Park, Lesq. 


Sequoia Lanesporrru, Brt—Branchlets, leaves and cones, Porcupine Creek ; Dirt 
Hills, R. Bell; McKenzie River, Greenland and Switzerland; also Fort Union group 
and Black Hills, according to Lesquereux. 


THUJA INTERRUPTA, Newberry.—Very abundant at Porcupine Creek, and wood of 
the structure of Thuja is abundant in the lignites with which it occurs. Remains of 
its fruit seem more to resemble that of the western 7h. gigantea than that of the Th. 
occidentalis, which, nowever, the leaves and branchlets are so like as to be soarcely 
distinguishable. This species is characteristic of the Fort Union group. 


Monocotyledones. 


Lemna (spiropeLa) scuTaTa, N.S., (Figs. 5 and 6.)—Fronds round kidney-form, 
entire or slightly undulate at the edges, sometimes an inch in diameter, single or 
grouped. Roots numerous, filiform, proceeding from a round spot near the notch of 
the frond. 


This species is very abundant at the Bad Lands, south of Woody Mountain, where 
it is associated with great quantities of roots, and rootlets, or filiform sub-aquatic 
leaves. It was an aquatic plant with floating disc-like leaves, and I can refer it to 
nothing else than Lemna. 


At the same place is found a smaller tri-lobed frond, with three equal ovate divi- 
sions, and a diameter of three or four lines, It may indicate a second species, but 
as Only a single perfect frond was found in the collection, I hesitate to describe it. 
(Fig. 7, 4.). On the same slab are roots with pinnate or radiating rootlets, and which 
are very common in these beds. 


Puracmites ? sp.—Associated with the above and also at Porcupine Creek, are nu- 
merous indistinguishable remains of reeds and other grass-like plants. 


Scirpus, sp.—Spikes small, numerous, less than a line long, each with four to five 
pairs of incurved lanceolate scales. Bad lands. 


Scirpus, sp.—Another species, with about six pairs of scales and two lines long. 
Porcupine Creek. 
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Dicotyledones. 





Porttus Ricuarpsoni—Heer, Porcupine Creek.—This fine species of Poplar, des- 
cribed by Heer from Mackenzie River and Greenland, is represented by a few 
fragments only in these collections. 


Sauix Ragana? Heer, Great Valley —This species occurs at Mackenzie River 
and in Greenland. A few leaves appear referable to it but not with certainty. 


CoryLus rostrata—Ait.—Leaves not distinguishable from those of the common 
beaked Hazel, occur at Porcupine Creek, This species is also recorded by Newberry 
from the Fort Union Gr oup. 


C. Americana.—Walt., Porcupine Creek.—This also is a recent species and is cre- 
dited by both Newberry and Le ‘squereux to the Fort Union Group. Thus both our 
American Hazels occur in these deposits; and a still finer species, C. MacQuarrii, 
Heer, is found at Mackenzie River and in the Fort Union beds. 


PLATANUS HETEROPHYLLUS, Newberry.—Wood End, loose, but no doubt, from the 
Lignite Tertiary formation. The species is found in ‘the Fort Union group. 


Diospyros, sp.—To this genus I refer a few imperfect leaves from Porcupine 
Creek, but cannot certainly identify them with any of the species described from 
other parts of these formations. 


Sapinpus AFFinis, Newberry—Bad Lands, Woody Mountain. This species 1s 
found also in the Fort Union Beds. 


Rxaamnvs, sp.—Great Valley, 345 mile point. A single leaf, wanting part of the 
tip and base, but otherwise very perfect. It corresponds, as far as preserved, with R. 
Eridani of Unger, which occurs in Greenland, but it may be one of the species des- 
cribed by Lesquereux from the Lignite Tertiary of the United States. 


RHAMNUS ConcINNUS.—, Newberry.—Porcupine Creek. This species also occurs in 
the Fort Union group. 


CaryA ANTIQUORUM.—Newberry, Porcupine Creek.—This species is also found in 
the Fort Union group. 


JUGLANS CINEREA? Porcupine Creek-—A leaf so near this species that I hesitate 
to separate it. It resembles, however, J. bilinica Ung. 


VisuRNUM PUBESCENS—Pursh, Porcupine Creek—Kither this species or a large leaf 
of V. lanceolata, Newberry, from Fort Union Group. 

Other leaves in this collection may represent a species of Prunus, a Thalictrum 
different from our modern American species, and several other plants, but not deter- 
minable without more material. 


AgscuLus Antiguus, N.S. (Figs. 8 and 9.)—Pericarp 1} inches in length and 1 inch 
in breadth ; obovate, truncate at base, regularly rounded above, with several strong 
woody spines on the upper half. Seed of similar form but smooth or with a few 
tortuous impressions. Bad Lands west of Woody Mountain, This fruit is almost 
certainly an Aesculus, but with characters inter mediate in some respects between the 
Horse Chesnut and the American Buck- -eye. 


TrapaA Boreauis ?—Heer, (Fig. 10.)\—A few obscure prints seem to indicate a 
species of this genus, which may be identical with the above species described by 
Heer from Alaska, They are associated with stems and linear submerged leaves which 
may have belonged to this plant, and similar to those described by Heer from Alaska. 
In one of my specime ns, the two lateral tubercles seen in Heer’s figures seem to be 
produced into spines, making six in all. The specimens are from Bad Lands, west of 
Woody Mountain, and there is an obscure example of the same form from Great 
Valley. 


Carpo.itues, sp.—An ovate fruit of the form and size of C. lunatus, of Newberry, 
but not distinctly striated. Bad Lands, west of Woody Mt. 

The following are the species catalogued by Heer, from Richardson’s collections 
on the Mackenzie. As they belong to this region, they are given here for compa- 
rison :— 





APPENDIX A. 331 


1. Glyptostrobus Europeus, Brgt. 9. Betula, sp. 

2. Sequoia Langsdorflii, Brgt. 10. Corylus McQuarrii, Fabr. 
3. Pinus, sp. 11. Quercus Olafseni. 

4. Smilax Franklini. 12. Platanus Aceroides, Goept. 
5. Populus Richardsoni. 13. Hedera McClurii. 

6. Populus Arctica. 14. Pterospermites dentatus, 
7. Populus Hookeri. 15. Phyllites aroideus. 

8. Salix Raeana. 16. Antholithes amissus. 


17. Carpolithes seminulum. 


Il.—CONIFEROUS WOODS.—(PLATE XV.) 


Large quantities of silicified fossil wood, derived apparently from the denudation 
of the Tertiary lignite formation, are scattered over the plains, but the trees are 
rarely found in situ in the beds. Slices of a number of the most promising specimens 
have been made, and in addition similar slices from the Saskatchewan and the Mc- 
Kenzie River, in the collections of the Geological Survey. The greater number are 
Coniferous, and some of them, no doubt, the wood of the same species whose leaves 
and cones are found in the beds, though it is not possible with certainty to identify 
these, and it does not seem necessary to give specific names to fragments which will 
possibly some day be referred to their proper species. They indicate a large number 
of Coniferous trees belonging to different generic types, and may be arranged as fol- 
lows, in the conventional genera at present recognized by paleobotanists. 

CrproxyLon.—A wood of this type is very common, and may very possibly have 
belonged to Thuja interrupta, as it is very closely allied to that of the northern 7. 
occidentalis, (Fig. 1.) There is also a seeond species of this genus, with shorter 
medullary rays, having much resin, and wood-cells with one row of pores rarely seen. 


Piroxyton.—Wood of this type, similar to the modern Pinus, is rare; but one 
well characterized species occurs, (Fig. 2.) It may have belonged to a Scrub Pine, 
similar to the northern P. Banksiana, and Heer figures a leaf of this type from Mac- 
kenzie River. 


CupressoxyLon.—The greater part of the wood presents this type, and may belong 
to trees of different genera. The following kinds are well characterized :— 

Species (a.)—With two rows of discs on the wide wood cells, and long resin- 
cells. It is closely allied to the wood of Sequoia sempervirens, and may belong to 
one of the Sequoias found in the beds, (Fig. 3.) It has medullary rays with many 
rows of cells superimposed and some composite resiniferous rays ? 

Species (4.)—With one row of discs on the wide wood cells, and wide resin-cells. 
Resembles the wood of Sequoia gigantea, and probably belongs to that genus. 

Species (¢.)\—With one row of discs on the cells and numerous medullary rays 
which are very short, having usually only two rows of cells superimposed. Ap- 
proaches in its characters to the wood of Zaxodium and Cryptomeria ; but may probably 
have belonged to Glyptostrobus, (Fig 4.) 

Species (d.)—Narrow wood-cells with one row of discs and many resin cells. 
Medullary rays of several rows of cells superimposed. 

Species (¢.\—Wood cells with one row of discs and very long and numerous 
rays, (Fig. 5.) 

Species (f.)—Wood cells very wide, with several rows of scattered discs. This 


wood is not well preserved, but is, apparently near to C. polyommatum of Cramer 
from Banks’ Land. 
TaxoxyLon.—A wood not well preserved, but with spirally lined wood-cells of the 


type of those in the modern Taxus, and discs with a slit instead of a round pore. 

There are probably other species, with the wood less distinctly characterized or 
preserved ; and the lignites when treated with caustic potash, show abundant coni- 
ferous tissues of the types of Thuja and Sequoia, which thus seem to have largely 
contributed to their mass. . 


IIIl.—ANGIOSPERMOUS WOODS. 


* 
Of these the specimens sliced which were sufficiently preserved for determin- 
ation, are referable to the genus Populus, which genus is also largely represented 
among the fossil leaves. 
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(B.)\—Report on the Vertebrate Fossils from the Fort Union Group of 
Milk River. 


By E. D. Cope. 


The fossils submitted to my examination by Mr. Dawson, are generally in a 
fragmentary condition, and belong to a number of distinct individuals. In but few 
instances are the fragments so characteristic as to admit of specific diagnosis, but 
they leave no doubt as to the ordinal relations of the animals to which they be- 
longed. These are exclusively Dinosauria, tortoises, and gar-fishes, no Mammalia or 
marine vertebrata being indicated. 

The collection is of especial interest, as furnishing one more station whence a 
glimpse of the life of the “transition period” of the history of the western part of 
America may be obtained. And the resulting information is similar to that already 
derived from studies of the paleontology of the same horizon by Prof. Leidy and 
myself in Dakota, Wyoming, Colorado, etc. The species are evidently the latest 
examples of the terrestrial life which characterized the Mesozoic ages, and which 
preceded the advent of the mammals in the northern hemisphere, The formations 
in which the fossils occur consist of greenish-brown arenaceous clays of various 
degrees of hardness, frequently including small gravel-stones, and sometimes 
forming a hard cement between them. The fossils were found near the base of 
thr formation} and “not more than one or two hundred feet above yellow 
arenaceous beds, which I conceive represent Cretaceous No. 5, and which are 
rapidly followed in descending by well-marked No. 4 with characteristic fossils.” 
(Extracted from letter of Mr. Dawson.) 

The species are the following: Clastes, sp.; Compsemys ogmius; C. ? victus ; 
Plastomenus costatus ;* P. coalescens ; Trionyx ? vagans; Trionyx ? sp.; ? Hadrosaurus 
2 sp.; Cionodon stenopsis, 

The dinosaurian remains are quite abundant, and indicate several species, but 
are mostly so fragmentary as to be unfit for determination. The diagnostic gen- 
era of this list are Compsemys, Plastomenus, and Cionodon; the species referred to 
Hadrosaurus being represented by caudal vertebre only. The first-named genus is 
characteristic of the Fort Union epoch only; the fragment referred to C. victus, 
the only species of the list previously known, is too small for final specific 
reference. The Plastomenus coalescens is represented by a more perfect specimen 
than any other species referred to this genus from the Fort Union Beds, but is 
not sufficiently complete to render the reference to this Eocene genus final. It 
is, in any case, not a member of any other known genus. One species of Trionyx 
is represented by a hyosternal bone, and is not definable; while the fragment 


* Two species are provisionally referred to the Tertiary genus Plastomenus, but are too fragmentary 
for final determination, 
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referred to 7. vagans, though closely resembling that species, is not large enough 
for final deterimination. The Cionodon, though based on incomplete remains, is 
quite sufficient for paleontological purposes. WelYe. ‘i 

In conclusion, it may be stated that there are present two genera in this 


_ collection which are diagnostic of the Fort Union epoch, but no species certainly 


so, though two species are probably identical with species of that epoch; also, 
that the presence of Dinosauria refers the fauna to the Mesozoic series; and that 
there is no satisfactory evidence of the co-existence of these reptiles with Tertiary 
forms; that the species referred to Plastomenus constitute an indication of affinity 
with corresponding Eocene forms. "The presence of garfishes of the genus Clastes in 
this formation is as yet peculiar to this and the Judith River localities, As these 
gars have not heretofore been found in North America below the Eocene, they 
constitute the first case of apparent commingling of Tertiary and Cretaceous 
animal life yet clearly determined. Yet the evidence is far from being as weighty 
in indication of Tertiary relations as is the presence of the saurians in question as 
evidence of Mesozoic character ; for the gars, though now living, are an ancient type, 
their allies having swarmed in the Jurassic seas, and it is therefore altogether rea- 
sonable that they should be found in fresh water deposits of Cretaceous and Tertiary 
age. The rarity of the localities of the former deposit accounts for the late date of 
their discovery there. 


CIONODON, Cope. 
Bull. US. Geol. Survey Terrs., No. 2, p. 21. 


Char, gen.—Established primarily on a portion of the right maxillary bone, with 
numerous teeth in place, of the C. arctatus, Cope, a species discovered in the Fort Union 
beds of Colorado. The following generic characters are derived from the typical 
specimen of this species. The posterior portion exhibits a suture, probably for union 
with the palatine bone, while the rest of the interior margin is free. It is removed 
some distance from the tooth line in consequence of the horizontal expanse of the 
bone, while the outer face is vertical. 

The teeth are rod-like ; the upper portion subcylindric in section, with the inner 
face flattened from apex to base, while the lower half is flattened by an abrupt exca- 
vation to the middle, for the accommodation of the crown of the successional tooth. 
The inner face of the tooth, from apex to base, is shielded by a plate of enamel, 
which is somewhat elevated at the margins, and supports a keel in the middle, thus 
giving rise to two shallow longitudinal troughs. The remainder of the tooth is 
covered with a layer of some dense substance, possibly cementum, which overlaps 
the vanishing margins of the enamel. The outer inferior excavation of the shaft 
presents a median longitudinal groove, to accommodate the keel of the closely-ap- 
pressed crown of: the successional tooth. The apex of the tooth being 
obtusely wedge-shaped, the functional tooth is pushed forward and _ trans- 
versely, toward the inner side of the jaw. The tooth slides downward in a 
closely-fitting vertical groove of the outer alveolar wall. The inner wall is 


oblique, its section forming with that of the outer a V; it is furrowed 
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with grooves similar and opposite to those of the outer wall, but entirely 
disconnected from them. The base of the shank of the functional tooth, on 
being displaced by the successional, slides downward and inward along the 
groove of the inner side ; each lateral movement being accompanied by a correspond- 
ing protrusion. At the most, three teeth form a transverse line; namely, one new 
apex external, one half-worn crown median, and the stump or basis of a shank on 
the inner. The new crowns are, however, protruded successively in series of three, 
in the longitudiral direction also. Thus, when an apex is freshly protruded, the 
shank in front of it is a little more prominent, and the third stands beyond the 
alveolar border. As each shank increases somewhat in diameter downward in the 
C. arctatus, the section increases in size with protrusion ; hence, before the appear- 
ance of a new crown outside of it, there are but two functional teeth in a cross-row. 
Thus, in the outer longitudinal row, only every third tooth is worn by functional 
use at one time ; in the middle series, all are in use ; while in the inner, every third 
one is simultaneously thrown out in the form of a minute stump of the shank, if not 
entirely ground up. 

The dorsal vertebra are episthocelian, the anterior more compressed than the 
posterior: capitular articular faces, if existing, are slightly marked. The 
zygapophyses are but little prominent beyond the arch. A caudal vertebra is plano- 
concave, with rather depressed centrum, a little longer than broad. The condyles of 
the femur have a short arc and chord; the head of the tibia displays a large cnemial 
crest, but is not emarginate behind. 

The type of dentition exhibited by this genus is, perhaps, the most complex 
known among reptiles, and is well adapted for the comminution of vegetable food. 
While the mechanical effect is quite similar to that obtained by the structure of the 
molars of ruminating mammals, the mode of construction is entirely altered by the 
materials at hand. Thus, the peculiarly simple form and rapid replacement of the 
reptilian dentition is, by a system of complication by repetition of parts, made to 
subserve an end identical with that secured by deep plication of the crown of the 
more specialized molar of the mammal. 

Cionodon is evidently allied to Hadrosaurus, but displays greater dental complica- 
tion. In that genus, according to Leidy, the successional crowns appear on the front 
side of the shank of the tooth, not behind, and below the base of the enamel-area, so 
that the tooth is distinguished into crown and shaft. It also follows, from this ar- 
rangement, that the successional tooth does not appear until its predecessor has been 
worn to the root, in which case there can be only one functional tooth in a transverse 


section, instead of two or three. 


C1onopon sTENopsis, Cope. 


This Dinosaur is represented by fragments of maxillary bones, with a few con- 
tained pieces of teeth. Probably, several of the numerous bones of reptiles of this 
order, obtained by Mr. Dawson, pertain to the same genus and species; but there are 
as yet no means by which to distinguish them from other species of I/adrosauride in 
the collection. 

The maxillaries exhibit the vertical grooves characteristic of the genus, and the 
teeth are of the rod-like form of those of the C. arctatus, Cope, and the roots are 
similarly compressed. An important difference in the teeth is seen in their lack of 
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the carina on the enamel-face of the base of the crown at least; the apices being in 
each case broken away, Accordingly, the root exhibits no corresponding groove on 
its inner side, as is the case in C. arctatus. The form of the maxillary bone is also 
characteristic. In C. arctatus, this piece bears a longitudinal protuberance on its 
inner side, so as to have given the face great proportionate width. In C. stenopsis, 
this protuberance is much less pronounced; the inner face, instead of being nearly 
horizontal above, is curved abruptly downward, and a shallow horizontal face of no 
great width replaces the wide oblique cornice which extends from the alveolar border 
in C. arctatus, The remains indicate a species of the size of C. arctatus. 
From six miles west of First Rranch of Milk River, near latitude 49°. 


Measurements. 
M. 
Depth of the maxillary bone on a dental groove........ 2... cc cece sees ececceeece 0.0350 
Diameter of the en ary bone external to alveoli 2:8, bi ‘dein ars aco, he \hy Bhs 0)pase eck ae a ae EE 
Diameter of a tooth. a : Sw oie saeiah eb a'slie'e vcpsre,s slate biel ouitete ore eee 


COMPSEMYS, Leidy. 


This genus presents the characters of mys in its well-developed marginal bones, 
united to the costals by suture. The surfaces of the carapace possess a dense layer, 
which is sculptured in two of the known species. One of these, the C. victus, Leidy, 
has been found to have hada wide range in the West during the Fort Union epoch ; 
while a second has been found in corresponding strata near the northern boundary of 
Dakota, 


CoMPSEMYS oGMIUS, Cope. 


Represented in the collections of the British American Boundary Commission by 
portions of the carapace and plastron. These are massive, and indicate a species of 
large size. Asin other species of the genus, the external surface is a dense layer of 
cement or allied substance, which is sculptured with shallow pits. 

A portion of the costal bone is concave, and increases rapidly in thickness in 
one direction. The suture is coarse, but neither gomphosial nor squamosal. A 
portion of the plastron is thinner, not curved, and displays a very coarse median 
suture, in part squamosal in character. The sculpture consists of shallow pits, not 
wider than the low, smooth ridges which separate them. There are deep superficial 
grooves, marking the boundaries of dermal areas ; a feature in which this tortoise 
differs much from the Plastomenus coalescens, and resembles the species of Compsemys. 
Should marginal bones be found to exist in the C. ogmius, its reference to that genus 
will be further established. 

From six miles west of First Branch of Milk River, near latitude 49°. 


PLASTOMENUS, Cope. 


This genus has been discovered to cmbrace tortoises having characters of both 
Trionyx and Emys. The carapace is like that of the former, in the absence of articu- 
lated marginal bones, and the presence of a superficial cement layer, which is sculp- 
tured in various patterns. The plastron resembles that of some emydoid genera, 
but presents certain fontanelles indicating an incomplete grade of ossification. The 
species known to possess the typical structure are found in the Eocenes of Wyoming 
and New Mexico; and those here referred to it are all from the Fort Union or 
Transition beds of the Cretaceous, In none of them is the sternum so well-preserved 
as to exhibit the characters which should finally refer them to the genus Plastomenus. 
This is due to the fact that they, as well as other vertebrate remains from this 
horizon, are always much broken or dislocated, 
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PLASTOMENUS COALESCENS, Cope. 


This species is represented by large fragments of carapace and plastron of a 

single individual. These indicate a large animal of adult age. The fragments are 
thick, and the sutures separating the component elements have disappeared. Der- 
mal sutural grooves are also wanting. The portions of the plastron preserved are 
emydoid in character, being most thickened in the lateral portions, especially in the 
inguinal region. The borders of the carapace are free and obtuse ; at some points, 
somewhat thinned out. The ribs proper, in the portions preserved, terminate in a 
short, free extremity, shorter than in most species of Trionyz. There is no indication 
of the existence of marginal bones. 

The surface of plastron and carapace is covered with a dense layer, which is 
thrown into rather coarse, inosculating folds. These form an open, reticulate pat- 
tern towards the middle portion of the carapace, and become obscure near the 
borders. They are well marked on the plastron, and are more or less longitudinal. 
The appearance is that of a T'rionyz. 

The costal axis scarcely projects on the inner face of the carapace. The anterior 
border of the carapace is a free, thickened margin, divided by a horizontal groove. 
The presence of nuchal bone cannot be ascertained. 


Measurements. 
M. 
Thickness of the carapace at the middle of the pees of a costal bone.. Ae dine Hom Le! 
Thickness of the carapace at the anterior recat igal cise Bish csieise(e sie eae UNOS 
Thickness of the carapace at the lateral margin............0200 ccecsee cosececcce-- 0.008 
Thickness of the plastron near The Dridge.. ...... ceaccsccenecuscsceicecsacccscoess 0.015 
Mhrekness of the plastron more, Centrally: ss... 5. ones whines as <aice ceieis vle've se ouse es vie 0.000 


Four areole in 0m, 10. 


This species is found in a greenish-brown arenaceous clay deposit in the Bad 
Lands south of Woody Mountain, latitude 49°. 


PLASTOMENUS COSTATUS, Cope. 


Represented, in the collections made by Mr. Dawson, by small portions of 
plastron and carapace, which display distinct osseous, but no dermal scutal sutures. 
These specimens were discovered together, and are believed to belong to the same 
individual. The bones are thinner than corresponding ones of the two other species 
of tortoises described, from the same locality, excepting at the costal enlargement, 
which is remarkably prominent and well-defined on the under side of the carapace. 
The dense or cement layer of the carapace is thrown into very delicate, but premi- 
nent ridges, which run parallel to the axis of the carapace, and occasionally 
inosculate, or are crossed by a similar ridge running at right angles tothem. The 
sculpture of the plastron is similar, but more obtuse and obscure. The superior edge 
of the free border of one of the lobes of the plastron projects beyond the inferior, and 
is not, as is usual, less prominent than the inferior. 


Measurements. 
M. 
Thickness of a costal at the margin.. We Cina oleae caiigteasietaionay davaistnie: ss wisicies oy OOD 
Thickness of a costal at the rib.. Pata cle atic wat dns Attic c's <lc stele ageecke  OA00S 
Thickness of the free edge of the plastron.. Bir ptaatrepiedis wim ea eeigeiser aide . 0.009 


The costal bone of this species is much like that of a Trion, yx, but the character 
of the plastron refers it to Plastomenus. 
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(C) Lake of the Woods.—Table showing the nature and directions of the 
dykes and veins observed, and the rocks which they traverse. (The 
larger granitic outbursts already fully referred to are here omitted.) 


Those bracketed on the left occur onthe same spot. Those bracketed in addition on the right inter- 


sect, their relative ages being in the order of the list. 
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(D.)—Notice of the Butterflies and Orthoptera, collected by Mr. George M. 
Dawson, as Naturalist of the B. N. A. Boundary Commission. 


By Samvuet H. Scupper. 


The insects recorded in this list were taken along the boundary line between 
British America and the United States, from the Lake of the Woods, in W. long. 95°, 
to the Rocky Mountains in W. long. 115°. The principal localities referred to are :— 
Dufferin, on the Red River of the North, altitude 780’ ; Souris River, (a tributary of 
the Assineboine), between long. 99° and 102°, altitude about 1600’; and Woody 
Mountain, about long. 107°, on the watershed between the Missouri River and the 
streams flowing north, the elevation of whose plains is about 2,500’. A few specimens 
were also taken at Roseau River, lying between Red River and the Lake of the Woods; 
and flowing into the former; Wood End, on the Souris River, long. 103°, altitude 
1700’; the east fork of Milk River, which crosses the line in long. 109° 30’, at an alti- 
tude of 2700’; and West Butte, the western part of the Three Buttes, in long. 111° 
30’, altitude 4,000’. The highest elevation from which specimens were brought, was 
the summit of the Rocky Mts., in long. 115°, the altitude from 7,000’ to 8,000’. 

If we compare this list of butterflies with that of the Yellowstone Expedition 
of 1873,* we shall find some interesting and striking facts, although no great number 
of species were taken by either party. The two collecting grounds, while not 
more than one or two hundred miles apart, lay mostly in different drainage areas ; 
and if we omit from the present list the species found only at Woody Mt. and west- 
ward, as being upon the summit of the water-shed between the two river basins, and 
therefore likely to impair the value of the result, we find that out of the forty-three 
species found in the two collecting grounds, only seven were taken in both. Of the 
twenty-two Nymphales, only three occurred in both regions, viz.: Vanessa cardui, 
‘Argynnis Nevadensis and Phyciodes Tharos, the first and the last species of un- 
usually wide distribution. Of the five Rurales, none of the species were taken in both 
localities. Of the seven Papilionide, two were taken in both, Eurymus Philodice and 
E. Eurytheme ; also species of a very extended ‘range. Of the nine Urbicole, two 
were brought home by both parties: Thorybes Pylades and Thanaos Persius, the for- 
mer certainly, and the latter probably, of exceptionally wide geographical distribution. 
Of the seven species occurring in both regions, only one may be said to have a range 
at all restricted, and they are mostly such species as one might find in almost any 
part of America, east of the Rocky Mts. 

The same will be noticed, though less conspicuously, on comparing the species of 
single genera; thus Cenonympha Ampelos of the Assineboine Basin is replaced by 
C. Galactina in the Yellowstone; and- Basilarchia Arthemis of the former, by B. 
Weidemeyeri of the latter. B. Disippe was taken only on the Yellowstone, but cer- 





SE 


* See Proc, Bost, Soc, Nat, His ., xvul., 86-91, 
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tainly occurs in the Assineboine region, Argynnis Edwardsii of the Yellowstone is 
replaced by A. Bremnerii in the Assineboine, and probably also by A. Aphrodite, 
although this was taken at Woody Mountain. The two species of Eurymus, however, 
were taken in both regions, and a species of Argynnis (A. Nevadensis) was also found 
common to both. 

The watershed between the Assineboine and Saskatchewan basins on the one 
side, and the basin of the Missouri, of which the Yellowstone is a tributary, on the 
other—a watershed which follows a course nearly coinciding with the annual 
isotherm of 45° Fahr. (corrected for altitude)—would seem, therefore, to be, in all pro- 
ability, the dividing line between a more northern and a more southern fauna; or 
perhaps, more correctly speaking, between a north-eastern and a south-western fauna. 
The northern branch of the Missouri, to be sure, intervenes between the regions tra- 
versed by Messrs. Dawson and Allen, but its fauna must unquestionably have a facies 
essentially similar to that of the Yellowstone. We shall, however, look with interest 
for Mr. Edwards’ forthcoming report upon the butterflies collected by Dr. Coues 
through this region, to see whether the facts will add to, or detract from, the weight 
of the considerations we have presented, from the scanty material at our disposal _ 


CamsripGEe, U.S., March, 1875. 
BUTTERFLIES. 


1. @neis Uhleri—A single male, remarkably small, measuring but 45-5 mm. 
in expanse, was taken in the vicinity of Woody Mountain, between the middle of 
June and July 7. 


2. Enodia Portlandia—Two males were taken in the neighbourhood of the Lake 
of the Woods between the middle of July and the middle of August. 


3. Canonympha Ampelos—A badly broken specimen, probably referable to this 
species, was taken at Dufferin. 

4. Danaida Plexippus.——A male was taken in the Red River valley, June 20. 

5. Basilarchia Arthemis—A female was taken at Dufferin between June 21 and 
26, and another near the Lake of the Woods between the middle of July and the 
middle of August. The latter specimen is interesting from its large size, (expanding 
84mm.) and in the extent and dullness of the red spots of the under surface, in 
which it begins to show no inconsiderable resemblance to B. Weidemeyeri. 

6. Polygonia Progne—A male was taken in the vicinity of the Lake of the 
Woods between the middle of July and the middle of August; a female was taken at 
Dufferin. 

7. Papilio Antiopa—One specimen was taken at Dufferin between June 21 and 
26; another at the Lake of the Woods between the middle of July and the middle of 
August. 

8. Aglais Milberti—A single male was taken near the Lake of the Woods between 
the middle of July and the middle of August. 

9. Vanessa cardui—Common at Dufferin, June 14. 

10. Argynnis Aphrodite—One male was taken in the vicinity of Woody Mountain 
between June 15 and July 7, and another near the Lake of the Woods between July 
15 and August 15. 

_ ll. Argynnis Nevadensis—A single fresh male was taken at the close of June at 
Wood End; fresh specimens of both sexes between Woody Mountain and the base of 
the Rocky Mountains, from July 15 to August 7. 


12. Argynnis Bremnerii—A male was taken at Dufferin. 
13. Brenthis Bellona —A male was taken at Dufferin in June, 
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14. Euphydryas Phaeton—One female was taken at the Lake of the Woods 
between July 15 and August 15. 


15. Phyciodes Tharos—Two males were taken near the Lake of the Woods 
between July 15,and August 15. 


16. Hveres Comyntas—One male was taken at Dufferin and another east of Woody 
Mountain, between the middle of May and the middle of June. These specimens 
differ from eastern types in having the whole upper surface of the wings of a hoary 
aspect, such as generally appears only at the costal edge of the fore wings in eastern 
individuals ; and in the remarkable faintness of the dark spots on the under surface 
of the wings, which bear no small resemblance to those, of lightly marked specimens 
of Cyaniris neglecta. 


17. Eurymus Philodice—A male and a female of the pale form were taken near 
the Lake of the Woods between the middle of July and the middle of August. 


18. EZurymus Eurytheme—A single male was brought home from the Lake of the 
Woods, taken at the same time with the preceding. 


19. Parnassius Smintheus—Two fresh specimens were taken on the summit of the 
Rocky Mts. (near the north-western corner of Montana) at an elevation of from 
6-7,000' on August 9. They were both of the type figured by Edwards, in his plate 
Parnassius II. 


20. Thorybes Pylades—A male was taken at Dufferin. 


21. Thanaos Persius—A female, very badly rubbed, but apparently belonging to 
this species, was taken near the Lake of the Woods between the middle of July and 
the middle of August. 


22. Anthomaster Uncas.—Two males were taken between Woody Mt. and the base 
of the Rocky Mts., between the middle of July and the end of the first week in 
August. 


ORTHOPTERA. 


1. Seudderia curvicauda—A male was taken at Roseau River on August 30, and a 
female in the vicinity of Souris River. 


2. Xiphidium salians—One male and five females, Souris River. Heretofore 
known only from Nebraska and the neighbouring region. 


3. Anabrus purpurascens Four males and four females were taken at West Butte 
July 29 ; in the vicinity of Woody Mt., between June 15 and July 7 ; and in the neigh- 
bourhood of the Souris River. The specimens from the two former places lack the 
mottled markings of the abdomen so peculiar to this species ; there are, however, no 
other distinguishing features. Mr. Thomas, while retaining the generic name Ana- 
brus, refers this species to Thamnotrizon; but wrongly, for it is congeneric with 
A. simplex Hald. the type of the genus. 


4. Caloptenus spretus—Specimens of this destructive insect were brought home 
from Dufferin, the Souris River, the vicinity of the Lake of the Woods, and the East 
Fork of Milk River. In the latter place they were “ forming swarms” on July 16th. 
Mr. Dawson also writes me, that his party “met with great swarms of these insects 
on the high plains north of the Missouri and Milk Rivers, in July, 1874.” 


5. Caloptenus bilituratus—Two females were taken at Souris River. 


6. Caloptenus bivittatus—A single female was taken near the Lake of the Woods, 
July 30. This is the true bivittatus of Say, with which the Acrid. leucostoma of Kirby 
is probably synonymous ; and distinct from the femoratus of Burmeister (the Acrid. 
flavovittatum of Harris), with which all recent authors, myself included, have hitherto 
confounded it ; this species has the hind tibiw glaucous and yellow; in C. femoratus, 
they are red; and the species can be instantly distinguished by these peculiarities. 

1. Pezotettix borealis —A single pair of this species was taken in the vicinity of 
the Souris River. 


8. Pezotettix Dawsoni nov. sp.—Brownish fuscous ; face, sides of head and prono- 
tum yellowish, with the exception of a broad, reddish-brown stripe extending from 
the eyes to the posterior sulcation of the pronotum ; antenne yellowish at the base, 
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beyond infuscated ; ogra half as long as the abdomen, broad lanceolate, : ac 
nate, dark brownish fuscous, with a few scattered indistinct blackish spots, te, ea 
collected into a mesial series ; hind femora very obliquely and broadly bifasciate with 
blackish brown, the tip black, the superior carina yellowish ; hind tarsi dull, almost 
dusky, yellow. Cerci of male rather small, compressed, simple, but little tapering, 
rounded at the tip, curv en gently upward, obliquely sulcate at the extremity, Le 

of body,4 14916 mm.; of tegminas626 mm.; of hind femoraé 8.75 ° 9.25 mm. 
One male and two finilies were taken at the Souris River. 


9. Gomphocerus clepsydra nov. sp.—Brownish yellow ; antenne infuscated at the 
slightly expanded tip; head more or less spotted and banded with dark brown. and 
blackish, but with a lighter yellow, immaculate, vertical stripe between the lateral 
carine of the face, and the deep sulcation following the lower angle of the eyes; this 
sulcation is black, shading off into brown posteriorly ; a broad dark band, blackish 
above and edged at this point with yellow, extends from behind the eye upon the 
pronotum ; it is of equal width as far as the greatest constriction of the lateral caring 
of the pr onotum, but beyond this narrows rapidly, and scarcely reaches the posterior 
edge of the same : a small triangular patch of the same colour appears, however, at 
the posterior lateral angles of the pronotal disc; and the lateral lobes of the pronotum 
are heavily marked with the same, especially i in front, the lower portion always imma- 
culate ; tegmina half the length of the abdomen, brownish, with a few longitudinal 
fuscous flecks in the lower half; hind femora blackish along the middle, deepest next 
the carine ; hind tibia yellowish, flecked minutely with brown, the spines tipped 
with black : base of the abdominal joints heavily marked with black at the sides. 
Lateral foveole of the head distinct, three or four times as long as broad, equal, mo- 
derately deep, the walls abrupt; median and lateral carine of pronotum equally 
sharp and distinct, the latter strongly approximate in the middle of the anterior two- 
thirds of the pronotum; and since they are edged interiorly with yellow, forming, with 
th. yellow line bordering the black band of the head, a clepsydral outline. Length 
of body 919 mm.; of antenne ¢5mm.; of tegmina?5 mm.; of hind femora ?11 
mm. ‘Two females were taken on the Souris River. : 


10. Arphia frigida: nov. sp—Dark reddish brown; antenne reddish-brown at 
base, infuscated beyond ; tegmina flecked obscurely and rather uniformly through- 
out, but least at base, with small dusky spots; wings pale yellow at base, with a 
moderately broad, blackish fuliginous bent band beyond the middle of the. wing, 
faintly interrupted with pale fleckings on either side of the nervures (though the 
nervures themselves in this part of the wing are blackish), occupying the entire 
space between the two principal veins of the upper area of the wing, from the base 
three quarters the distance to the outer border, but paling next the base, at the 
extremity bent downward and outward as far as the outer border, thence following it 
nearly to the anal angle; beyond the band, the apex of the wing is fuliginous, 
slightly the darkest at the extreme tip; the costal margin is yellowish, tinged with 
dull orange above the transverse portion of the fuliginous band; hind femora indis- 
tinctly transversely fasciate with dark brown ; hind tibiz livid, broadly clouded with 
fuliginous just before the middle and at the apex, dusky at the base, the spines black, 
excepting at base. A pair of minute frontal foveole separate the lateral foveolx of 
the head from each other, and also the vertex from the frontal costa; they are dis- 
tinct, minute, longitudinally quadrate, confluent above, their bounding ridges, as 
well as those of the lateral foveole, punctulate. Pronotum rugose above, especially 
on the anterior half; median carina ‘low, uniform, almost straight, once interrupted ; 
posterior border of pronotum bent at a rounded right angle. Length of body : & 
18;927 mm.; of tegmina: 4 22;925 mm.; of hind femora: 11 4 mm. A single 
female was taken near Wood End in June. I have also a male from, the Yukon 
River, Alaska, collected by the late Mr, Robert Kennicott. 


11. Arphia tenebrosa.—A single male was brought from Souris River. 


12. Hippiscus phanicopterus—A male and two females were taken at Dufferin, 
June 13 and 14, 


13. Edipoda trifasciata.—One female was taken at Wood Endin June. This is 
the most northern locality from which it has been obtained. 


14, Trimerotropis verruculata—A female was taken at Dufferin, 
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15. Tettigidea acadica nov. sp.—Head blackish fuscous, rather thickly studded 
with minute, pallid, raised points ; the mouth parts paler, but the tip of the labrum 
black ; pronotum pale cinereous, thickly studded with minute, whitish, raised points 
and a few little black dots on the upper surface next the middle of the tegmina ; the 
sides, above the tegmina, dark brown like these organs ; legs pale cinereous, heavily 
flecked with black, the hind femora less so than the other parts; hind tibix 
blackish at the base, in the middle, and more broadly at the apex. Median carina of 
summit of head sharp, equal, extending over its anterior half; pronotum extending 
backward to the tip of the abdomen, forming a low crest, highest anteriorly, falling 
rapidly in front, and raised above the level of the head by about as much as the 
width of the vertex between the eyes; wings reaching to the tip of the abdomen. 
Length of pronotum, 9°5 mm.; breadth of same, 3:1 mm. A single female was taken 
near the Lake of the Woods. 

The Gryllides were not determined. 
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(E.)—Land dnd Fresh-water Mollusca, collected during the summers of 
1873-74, in the vicinity of the Forty-ninth Parallel—Lake of the Woods 
to the Rocky Mountains. 


In referring the specimens to their types, it has been found necessary to take a 
broad view of the species, to avoid the too great multiplication of so-called specific 
names. Over the great area of the plains, every pool and river has its more or less 
distinct suite of forms. Limnza elodes is perhaps the most variable of all, and under 
this name shells have been included, from which specimens might have been selected 
very different in appearance, but which are all more or less closely connected by 
intermediate varieties. Bulinus hypnorum is probably one of the most constant in 
form, in all its localities. 

The Gasteropoda of the streams and lakes of the wooded region to the east, differ 
considerably in general facies from those of the Red River Valley and plains west of 
it, where a general increase in the thickness and robustness of the shells is found, 
and gives rise to a distinct series of varietal modifications. In the pools and swamps 
of the prairies, food and calcareous matter no doubt equally abound. Segmentina 
armigera there assumes its varietal form campestris ; Planorbis trivolvis often appears in 
its variety macrostomus ; Limnea stagnalis, and LD. elodes increase in size and weight of 
shell, and other species are similarly affected. By carefully noting the station of 
each form, and especially the nature of its food, and the probable presence or absence 
of sufiicient calcareous matter in the water ; many puzzling shells are found to be 
varieties depending on these circumstances. The names employed are chiefly those 
of the monographs in the Smithsonian Miscellaneous Collections, 

G. M. D. 


GASTEROPODA. 
Risso : 
Amunicola pallida, Hald. Lake of the Woods. 
Ammcola porata, Say. Lake of the Woods. 
Somatogeirus depressus? Tryon. 500 Mile Lake. East Fork Milk River. 


PALUDINADZ : 
Paludina decisa, Say. Lake of the Woods. 
Valvata tricarinata, Say. Lake of the Woods. East Fork Milk River (worn 
specimens, may have travelled from pools near the Cypress Hills.) 


Valvata sincera, Say. East Fork Milk River (worn specimens.) 


HELIcIDe : 
Helix striatilla, Anthony. Lake of the Woods. Dufferin. Pembina Mountain. 
Turtle Mountain. Wood Mountain. 
Heliz pulchella, Miller. Lake of the Woods, Pembina Mountain, Wood Mountain. 
Heliz limitaris, Sp. nov.—Shell conspicuously umbilicated, globosely depressed, 
solid, coarse ; whorls carinate at the periphery, and sub-carinate near the 
umbilicus, giving the mouth a distinctly rhomboidal form tn young 
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specimens ; peripheral carination almost obsolete on the last half whorl ; 
aperture roundedly lunate, very oblique, slightly reflexed at the umbilicus, 

so as to interfere somewhat with its circular outline ; peristome acute, 

thickened within ; callus delicate, transparent ; whorls 53 ; suture slightly — 
impressed, becoming more distinct in the last half whorl; surface marked 

with coarse transverse wrinkles, and faint revolving lines, the latter scarcely 

perceptible on the outer whorl ; colour, dull yellowish, with four brownish 

revolving bands, two of which appear pretty constant, and are situated on 

each side of the peripheral carina, which is generally whitish ; the two re- 

maining bands near the suture and umbilicus respectively, fainter and less 

constant. Animal resembles J//. soljaria in general form, pale, with brown- 

ish spots. . 

Greatest diameter 17 mm. ; least diameter 14 mm.; height11mm. Young 

specimens only 4 mm. in diameter are very strongly carinated, and flattened 

above ; semi-transparent, brownish-tawny in colour ; delicately marked with 

close revolving and transverse lines. 

This shell is closely allied to Heliz solitaria, but is smaller, darker coloured 

and rougher, more distinctly carinated, especially in young specimens ; the 

shell is also somewhat thicker, the umbilicus is narrower, and the lip en- 
croaches slightly on its circular outline, 


Loc, Waterton Lake. Rocky Mountains. 
Vitrina limpida, Gould. Lake of the Woods. Turtle Mountain. Wood Mountain 


Hyalina arborea, Newcomb, Lake of the Woods. Dufferin, Turtle Mountain. 
Wood Mountain. 


Hyalina fulua, Draparnaud. Lake of the Woods. Pembina Mountain. Turtle 
Mountain. Wood Mountain. 


Hyalina viridula, Menke. Lake of the Woods. Dufferin. Pembina Mountain. 
Turtle Mountain. Wood Mountain. ! 


Succinea obliqua, Say. Lake of the Woods. Dufferin. Pembina Mountain. Turtle 
Mountain. Many specimens showing a decided approximation to S. Tot- 
teniana, but with intermediate forms, 


Succinea avara, Say. Lake of the Woods. Corresponds exactly with Say’s descrip- 
tion and eure, but many of my specimens exceed 6 mm., the largest 
measuring 9: 5 by 5 mill. 


Succinea ovalis, Gould. Lake of the Woods. 
Suceinea Haydeni, var minor, Binney. Pembina Mountain. 


Succinea lineata, Binney. 30 miles E. of Wood Mountain. 20 miles 8. of Wood 
Mountain. The specimens agree pretty closely with this species, and appear 
to belong to it, though they do not show any distinct revolving lines. The 
callus is very delicate. The agreement with Binney’s figure is more satis- 
factory than with the de ‘scription, my specimens having the aperture longer 
than half the length of the shell ; shell solid, amber coloured, to greenish- 
yellow. 


Cionella sub-cylindrica, Lin. Lake of the Woods. Dufferin. Pembina Mountain. 
Turtle Mountain. Wood Mountain. 


Pupa.—Near Saline Lake, east of Turtle Mountain. (One specimen only, im- 
mature.) 


LIMN AID 


Limnea stagnalis, Lin. Lake of the Woods. Pointe du Chéne. Dufferin. Long 
River. The specimens from the prairie region are often very well grown 
and robust, the shell being thick and showing strong growth-lines. Some 
specimens from pools at Dufferin measured 56 by 26 mm, 


Limnea elodes, Say, Lake of the Woods. Pools and swamps of the Red River 
prairie. Pembina River. Saline Lake, east of Turtle. Mountain. Turtle 
Mountain. Riviere des Lacs. Souris River. Pools near Traders’ Road. 500 
Mile Lake, Creek near Kast Fork Milk River. Pool 30 miles west of West 


APPENDIX E. 349 





Butte, &. Occurring in very many varictal forms, which are all here in- 
cluded. Specimens from coulée, Traders’ Road measured 36 by43 mm. 


Limnza humilis, Say. Lake of the Woods. Dufferin. Pembina Mountain, Saline 
Lake, E. of Turtle Mountain, Traders’ Road. 


Limnza decollata, Mighels. Lake of the Woods. Abundant on some parts of the 
shores of the Lake of the Woods, generally among rocks and boulders on an 
exposed coast, and creeping over the stones even in the wash of the waves, 
with the habit of a Jittorina. Well grown specimens measure 15 by 11 mm. 
Colour pale, yellowish-brown ; surface marked with lines of growth, which 
are sometimes rather coarse, and in the outer whorl are sometimes crossed 
by gentle, irregular, revolving ridges, dividing the surface into quadrate 
areas, in a manner resembling that frequently seen in Limnza elodes. Well- 
preserved specimens also show very fine and close undulating transverse 
lines, and delicate revolving strie, giving the shell a lustrous surface. Lip 
usually thickened, and tinted brownish-purple. 


Limnza catascopium, Say. Dufferin. Riviere des Lacs. Pool Traders’ Road. Creek 
near East Fork Milk River. West Butte? 


Limneza catascopium. Var pinguis, Say. Creek near E. Fork Milk River. 
Limnza caperata, Say. Dufferin, Pembina Mountain. Pembina River. 
Limnexa pallida? Near Dufferin. 

Physa heterostropha, Say. Lake of the Woods. Pointe du Chéne. Dufferin. 
Physa ancillaria, Say. Lake of the Woods. 


Physa ampullacea, Gould. Creek 13 miles west of Wood Mountain. Measurement 
of largest specimens 22 by 13 mm. 


Bulinus hypnorum, Lin. Lake of the Woods. Pools on Red River prairie. Pembina 
Mountain and River. Turtle Mountain. Riviere des Lacs. Traders’ Road. 
Specimens from Lake of the Woods attain sometimes 20 mm. Those from 
the prairie region reach 23 mm. 


Ancylus parallelus, Hald. Lake of the Woods. 
Ancylus rivularis, Say. Roseau River. Souris River. 


Planorbis trivolvis, Say. Pools on Red River Prairie. Turtle Mountain. Traders’ 
Road. East Fork Milk River. 


Planorbis trivolvis var. macrostomus, Whiteaves. Lake of the Woods. Pools on Red 
River Prairie. 
This variety is not abundant at the Lake of the Woods, but is the common 
form in the pools and coulées of the Red River Prairie, where calcareous 
matter and food equally abound. Some specimens 28 mm. in greatest 
diameter. 


Planorbis campanulatus, Say. Lake of the Woods. 
Planorbis bicarinatus, Say. Lake of the Woods. East Fork Milk River. 


Planorbis corpulentus,Say. Flag Island, Lake of the Woods.—The specimens are 
from Say’s typical locality,and agree perfectly with his description, the form 
being even better marked than in his figure. P. trivolvis, and its variety 
macrostomus, also occur in the Lake of the Woods. If P. corpulentus is also a 
variety of trivolvis, as has been suggested, it is a very well marked one, and 
is characteristic of the open reaches of the lake. 


Planorbis ezacutus, Say. Lake of the Woods. Dufferin. 500 Mile Lake. 
Planorbis parvus, Say. Dufferin. Saline Lake, E. of Turtle Mountain. 
Segmentina armigera, Say. Lake of the Woods. 


Segmentina armigera var campestris, Pointe du Chéne. Dufferin. Traders’ Road. 500 
Mile Lake. Thisis a large fine variety characteristic of the prairie region, 
which I have distinguished by the above varietal name. The normal form, 
with the usual number of whorls (4) is abundant in the Lake of the Woods, 
and surrounding wooded region. Specimens seldom at all exceed 6-5 mm. 
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The variety campestris occurs abundantly in some pools and coulées of the 
Red River Valley, and prairie region westward. They are much larger, with 
more whorls, and only in young specimens show the teeth. Colour generally 
wax yellow or pale brown. Diameter of largest specimens from 10-5 mm. to 
12-5 mm, whorls often six, specimens to 75 mm. often, but not invariably, 
show teeth ; above this size no teeth were recognized. — 


LAMELLIBRANCHIATA. 
CoRBICULAD : 


Spherium suleatum, Lamarck. Lake of the Woods. Pembina River. 
Spherium striatinum, Lamarck. Lake of the Woods. Pembina River. 
Spherium partumeium, Say. Lake of the Woods. Dufferin. 

Spherium rhomboideum, Say. Lake of the Woods. Pembina River. 
Spherium tenue, Prime. Souris River. 


Spherium solidulum, Prime. Lake of the Woods. Souris River. East Fork Milk 
River (worn specimens). 


Spherium ? stamineum, Conrad. Pembina River. . 
Pisidium Virginicum, Bourguignat. Lake of the Woods. | 


UNIONID2 : 


For the identification of species in this family, I am indebted to Dr. P. P. Car- 
penter :— 


Metaptera alata, Lam. Red River; rare. 

Unio spatulatus, Lea. Red River. 

Unio rectus, Lam. Lake of the Woods. Roseau River. Somewhat rare. © 

Plectomerus undulatus, Barnes. (=laticostatus, Lea.) Red River. Roseau River. eet” 


Hyridella cardium, Raf. (=ventricosa, Barnes var. == subovata, Lea.) Roseau 
River. Red River; not common. 


Hyridella ligamentina, Lam. Roseau River. 


Hyridella luteola, Lam. (=—siliquoides, Barnes.) Lake of the Woods ; very com- 
mon. Souris River; very common. Roseau River; abundant. Red River. 
Pembina River. 


Lampsilis flavus, Raf. (—rubiginosus, Lea.) Red River. Roseau River. 
T heliderma quadrulus, Raf. (—Jlachrymosum, Lea.) Red River; abundant. 


Leptoidea beptodon, Raf. (= plana, Barnes. purpurascens, Swains. = tenuissima, Lea. 
Q =velum, Say.) Souris River, 


Complanaria complanata, Barnes. Souris River; abundant. Roseau River. Lake 
of the Woods ; somewhat rare. 


Complanaria costata, Raf. (rugosa, Barnes.) Roseau River ; rare. 
Uniopsis ?Ferussaciana, Lea, Lake of the Woods; abundant. 


Strophitus Pennsylvanicus, Lam. (= Anodonta rugosa, Swains. [Not Alasmodonta 
rugosa, Barnes.]=Anodonta undulata, Say. [Not Alasmodonta undulata, Say]. 
Roseau River. 


Anodonta Footiana, Lea. Souris River; very common. 





(F.)—List of Plants collected during the Summers of 1873-74, in the 
vicinity of the Forty-ninth Parallel—Lake of the Woods to the Rocky 
Mountains. 


It has not been attempted to make this list a general one, by the addition of in- 
formation from other sources, bearing on parts of the same, or on contiguous regions. 
Those plants only are catalogued, which were either collected or observed, in 
connection with the Boundary Commission Expedition. The localities given are 
in general those from which specimens were actually obtained, though in some 
cases I have added additional information from my note-book. I have also endeav- 
oured to give the date of each specimen, and a note as to its state of advance at the 
time; that the list may also serve as a contribution to the phenology of the region. 
The places mentioned by name may be found on the general geological map accom- 
panying this Report. 

I must express my obligations to Dr. T. J. W. Burgess, and Dr. Millman—Chief 
and second Medical Officers to the expedition respectively—for their assistance in 
making collections. To them many very interesting plants are due. 

I am also indebted to Prof. John Macoun, for the determination of the Juncacez 
Cyperacer, and Graminex, to Mr. George Barnston for that of the Musci, &c. Dr. 
Hooker has kindly consented to examine and name several of the more difficult and 
critical flowering plants, which have been sent to him for that purpose, and if in 
time will be added to the Appendix. 

G) BMD. 
RANUNCULACEA. 


Aquilegia Canadensis, L. Dufferin, (thicket), June 7, ’73, in flower. 


Aquilegia flavescens, Watson. Kootanie Pass, (thick wood) Aug. 16, ’74, in flower, 
but with mature seed also. 


Anemone Pennsylvanica, L. Dufferin, (thicket) June 6,’73, first blossoms. First 
crossing Souris River, June 3, ’74. 


Anemone nemorosa, L. Pembina Mountain, (wood) May, 23,’74; in fiower: abun- 
dant. 


Anemone Patens,L. Var. Nuttalliana, Grey. Near Dufferin, May 4, ’74, in flower. 
May 21, flowering nearly past. Common in certain places on the Red River 
prairie, probably choosing dry open soil. Very abundant on the second 
prairie steppe. Flowers were found near Turtle Mountain and Long River 
on Aug. 7, and in the second week of Sept. respectively, but only where the 
prairie had been burned early in the summer. 

Anemone multifida, D.C. Winnipeg and N. W. Angle Rd, July 2, ’73, in flower. 
Badger Creek, (open prairie) June 28, in flower. Turtle Mountain (open 
glades) July 10, ’73,in flower. Short Creek, July 10,’74. First flowers. The 
last named is the white variety. 

Anemone parviflora, Mx. Rocky Mountains (7,000 feet) Aug. 18, ’74, in seed 3} 
inches high. 


Anemone Alpina, L. Rocky Mountains (6,000 feet) August 16, 1874, in seed. 
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Caltha Palustris, L. Winnipeg and N. W. Angle Road (swamp), July. 5,’73. Last 
flowers. Lake of the Woods. Swamp at base Pembina Mt. May 24, ’74, 
in flower. ; 

Clematis ligusticifolia, Nutt. Waterton Lake (thicket), Aug, 29, ’74. Past 
flowering. © . hs 

Coptis trifolia, Salisb. Lake of the Woods. 


Delphinium azureum, Mx. Plains near Wood Mountain, July 23, ’73, in flower 
but with mature seed also. 


Myosurus minimus, L. Near Short Creek, (open swamp) June 10,’74, in flower. 

Ranunculus aquatilis, L, var. capillaceus, 8. Antler Creek, July 31,73. Wood 
End, July 13,’74. Near Wood Mountain, July 2, ’74, in flower. 

Ranunculus Purshii, Richards. Foot hills of Rocky Mountains (swamps) Aug. 9, 
74, in flower. Wood End, July 13, ’74, in flower. 

Ranunculus flammula, L. var, reptans. Lake of the Woods. Aug. 7, ’73, in flower. 

Ranunculus abortivus, L. Dufferin (thicket), June 6, ’73, in flower. 


Ranunculus repens, L. Red River Prairie (open swamp) June 28th, ’73, in 
flower. Lake of the Woods, July 8,’73, in flower. Both the hispid variety. 


Ranunculus afinis, Br. Lake of the Woods, (sandy shore), July 12, ’73, in flower, 
but with ripe seed. Traders’ Road, (open swamp), June 16, ree in flower, 
with fully formed seed. 

Ranunculus rhomboideus, Goldie. Red River (prairie), May 22, 74. Pembina 
Mountain, (open coulée), May 26, in flower, but also with carpels half grown. 
Common on the open prairie, rarely surpassing 3 or 4 inches. In more 
sheltered localities taking the form of R. ovalis. Hooker. ia 

Ranunculus cymbalaria, Pursh. Dufferin, June 9, "13; (open prairie). Wood End, 
July 8,’74, near Wood Mountain, June 26, ‘74. First branch Milk River, 
Aug. 6 6,74. All in flower. Grows on wet prairie, and along the borders of 
streams. 

Ranunculus hispidus, Mx. Dufferin, (swamp), June 16, 73. _Wood Mountain, 
(swamp), June 24, ’74. Both in flower. 


Ranunculus pygmxus, Wehl. Rocky Mountains, 7,000 feet, Aug. 18, 74, in flower. 

Thalictrum dioicwm, L. Dufferin, (open prairie), June 4, '73, in flower. Very 
common. First crossing Souris River, June 5,’74. In river vallies and open 
prairie, abundant in flower. 

Thalictrum dioicum, Var. purpurascens, D.C. First crossing Souris River, June 

5, 74. 

Thalictrum cornuti, L. Dufferin, (thicket and borders of woods), June 25, ’73, in 

flower. 
MENISPERMACE®. 
Menispermum canadense, L. Dufferin, (thicket), June 21, ’73, in flower. 


BERBERIDACEA). 

Berberis (Mahonia) aquifolium, Pursh. Rocky Mountains. With ripe fruit in 
Aug. Dwarf, rarely exceeding one foot in height. Bourgeau says itis found 
on west side of Rocky Mountains only, but on the forty-ninth parallel it is 
abundant also on the eastern slopes. 

NYMPHEACEA. 


Nuphar advena, Ait. Lake of the Woods. July 30, ’73, in flower. 


SARRACENIACEA,. 


Sarracenia purpurea, L. Swamps near the Lake of the Woods. Common. July 
5, ’73, in flower, 
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PAPAVERACE. 


Sanguinaria Canadensis, lu. Pembina Mountain (Thicket). May 23, ’74, in 
flower. Unique. 


FUMARIACE. 


Corydalis glauca, Pursh. Winnipeg and North West Angle Road. July 4, ’73, 
with ripe seed. 


Corydalis aurea, Willd. Dufferin, (thicket) June 3, ’73, in flower. Pembina, 
Mountain, "May 23, °74, first blossoms. Turtle Mountain, July 25, ’73, with 
ripe seed. Found generally where burrowing animals have disturbed the 
ground. 

CRUCIFERZ. 


Arabis hirsuta, Scop. Dufferin, June 18, ’73, in flower. Turtle Mountain, July 10, 
’73, still in flower; North Antler Creek, June 7, 74, in flower. T'rrader’s Road, 
June 21, '74, in flower. 


Camelina sativa, Crantz. Red River, July 3, ’73—=still in flower. 

Capsella bursa-pastoris, Meench. Dufferin, June 12, ’73—in flower. Winnipeg 
and N. W. Angle Rd., July 2 ’"73—ripe seed. 

Cardamine, sp. I. Rocky Mountains, (7,000 feet,) August 18, ’74—in flower. 


Draba, sp. 1. Pembina Mountain, (second prairie level.) Open Prairie, May 25, 
74—in flower. 


Erysimum cheiranthoides, L. Lake of the Woods, July 8, 73. Turtle Lines 
July 10, ’73—both in fiower. 


Erysimum lanceolatum, Br. Red River (open prairie) June 21,’73. Trader’s Rd. 
(open prairie) June 21, '74. Short Creek. June 10, ’74—all in flower. 


Erysimum asperum, D.C. N. Antler Creek, June 6, ’74, first blossoms. Badger 
Creek, June 25, 73. Pembina Mountain, June 4, 75. Bothin flower. Abun- 
dant on the open prairie. 


Nasturtium tanacetifolium, Hook. Second branch Milk R. (Wet border of stream), 
Sept. 1, ’74—still in flower. 


Nasturtium palustre, D.C. Winnipeg and N.W Angle Rd., July 3, ’73—still in 
fiower. 


Sinapis arvensis, L. Dufferin. 

Sisymbrium canescens. Pembina Mountain, July 6, (open prairie) in flower. 

Sisymbrium brachycarpum, Hook. Red River, June 27,’73, in flower. 

Streptanthus sp. I. Short Creek, June 18, ’74, in flower. 

Turritis glabra, L. Winnipeg, and N. W. Angle Rd; July 3, '73; still in flower. 

Thiaspi arvense, L. Dufferin, June 6, °73, in flower; near Menten June 29, 

73, with ripe seed ; abundant on the "Red River, near the older settlements, 

not yet common as far south as the forty-ninth parallel, but rapidly spread- 
ing. A most noxious weed, of comparatively late introduction, and known 
as Mauvaise herbe, or Herb a Violette, the latter name being derived from the 
farm on which it was first noticed, in the vicinity of L. Winnipeg, 1857 
(Bourgeau.) Occurs abundantly in Quebec and Ontario, and has been a com- 


mon weed near Montreal since 1821 (Holmes’ Herbarium.) Not often 
~ found in the Northern States. 


Vesicaria Ludoviciana, D. C. Near Badger Cr. (Dry hillsides.) May 30, ’74, in 
flower. 
Vesicaria didymocarpa, Hook. Rocky Mts., (Gravel banks) Aug. 28, '74, in flower. 
CAPPARIDACE2. 


Cleome integrifolia, T. & G. 8S. of Wood Mt., (dry clay-bottomed yalley,) June 27, 
first blossoms. White Milk R (valley), June 10,’74, in flower. Seems to 


prefer a dry, clayey,and sub-saline soil. Northward to the Saskatchewan 
(Bourgeau. ) 
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Cleome, sp. I. East Butte. Aug. 1, ’74, in flower. ’ 
a Polanisia graveolens, Raf. Wood End, July 12, ’74, in flower. A * 


VIOLACE. 


Viola pubescens, Ait. Dufferin (thicket) May 19, 1874, first blossoms, June 2, "13, >. ? 
in full bloom. t a 


Viola Canadensis, L. Foot Pembina Mountain (thicket) May 23,’74, first blos- 
soms. Winnipeg and N. W. Angle Rd (thicket), July 3, ’73, ’ still in flower. Bes 
Turtle Mountain (shady thicket), July 13, with ripe seed. 


Viola pedata, L. Dufferin (open Prairie), June, 3, ’73,in flower. Pembina Mauat 
tain (edge of second prairie steppe), May 25, 4. first blossoms. Extends to 
the N. Saskatchewan R (Richardson, Bourgeau.) 


Viola cucullata, Ait. Dutferin (thicket), June 2, ’73. Pembina Mountain, May 
27, ‘74 (thicket), in flower. A form, which apparently represents this 
species is found on both the first and second prairie steppes, and from its 
station comes out somewhat earlier than the ordinary variety. It is usually — 
small and stunted, not more than two and a half inches high, and shows 
well marked varietal differences. The leaves are smaller, longer in propor- 
tion, and of firmer texture. Flowers somewhat smaller, dark blue ; the 
spur twice as long in proportion as in common species, and almost resem- 
bling that of Selkirkii. Lower petal beardless. Found near Dufferin, in 
flower, but leaves not fully formed, May 22, ’74. In flower, June 3, ’73. 

Viola Nuttalii, Pursh. Between Long River and Badger Creek, May 30. Plains 
west of Turtle Mountain, June 2, in flower, and some capsules with 
seed nearly ripe. Grows on dry, gravelly hillsides. Rare. Observed only 
on the second prairie steppe, but may pass on to the third. Northward to the 


Saskatchewan (Richardson, Bour geau.) ‘ 

oe 

: ee DROSERACEA. . a 

Drosera longifolia, L. Height of land, Muskeg, between Lake of the Woods and ‘io 

Red River. Common. pA 

| P 

PARNASSIACEA. , ‘ka 

Parnassia Caroliniana, L. Height of land, Muskeg, between Lake of the Woods lay 

and Red River. Aug. 22,’73, in flower. This is probably about the north- “a 

western limit of the species. . ae 

HYPERICACE®. 

Hypericum Scouleri, Hook. Rocky Mountains. (6000 feet.) Aug. 18, 774, IM 

flower. 


CARYOPHYLLACE.X#. 


Arenaria later iflora, L. Dufferin (thicket), June 2,’73. Pembina Mountain, (thicket) 
May 15, ’74. First Crossing Souris = te (thicket) June 3, 74. All in. ; 
flower. ; ms 

Arenaria pungens, Nutt. Kootanie Pass, Aug 14, '74, seed shed. Rocky Moun- uF 
tains (7000 feet), Aug. 18, ’74, in flower. i 

Arenaria nardifolia, Ledeb. Rocky Mountains, (6,500 feet) Aug. 16, ’74, few 
flowers remaining. 

Cerastium nutans, Raf. Dufferin, June 18, ’73. Turtle Mountain (open prairie), . 
stunted variety, July 25, °73. Pe mbina Mountain (open prairie), May 25, ’74.. 
All in flower. o.' 

Cerastium ‘oblongifolium, Torr. Rocky Mountains (6500 feet), Aug. 18, ’74, in | 
flower, / 

Silene Menziesii, Hook. South Fork Belly River (wood), Aug. 13, ’74, still in ) 
flower, 


Silene antirrhina, L. Winnipeg and North-west Angle Road, July 2, ’73, in flower. 
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Silene Douglasti, Hook. Rocky Mountains (1500 feet), Aug. 18, ’74, in flower. 
Stellaria longifolia, Muhl. Dufferin (damp thicket), June 12,’73, in flower. 


MALVACE. 


Malvastrum coccineum, Gray. Long River (open prairie), June 25, 73, in flower. 
Near Wood End (dry open prairie), June 12, first blossoms. Wood End, June 
18, (open prairie), in flower. Long River is about the eastern limit of this 
plant, on lat. 49°. It is common westward, especially on dry plains, 

Spheralcea acerifolia, Nutt. Foot Hills of Rocky Mts., (thicket) Aug. 8, ’74, in 
flower. , 


LINACEX. 


_ Linum perenne, L. Common from the Red R. prairie westward, growing on the 


open plains, but especially in sheltered hollows and along river banks, flower- 
ing in June. 

Linum rigidum, Pursh. Milk River (sheltered valley), July 21, ‘74. First branch 
Milk River (bottom land), Aug. 5,’74,5 to 6 inches high. Both in flower. This 
plant also noticed on dry upland prairie, near Wood Mt. but very rarely. It 
there only attained a height of 1 to 2 inches, and sometimes showed but a 
single terminal flower. 


OXALIDACEX. 


Oxalis stricta, L. Dufferin, June 10, 73, in flower. 


GERANIACEH. 


Geranium Richardsonii, Fisch & Meyer, (G. albiflorum, Hook.) Foot hills of Rocky 
Mts. Aug. 7, ’74, in flower, but with ripe seed also. White variety. 


_ Geranium Fremontii, Torr. Wood Mt. :in sheltered valleys), June 23, in flower. 


Abundant. Also growing with the last in great abundance on the Foot 
hills ; the greater part of the flowers had fallen in the first week of Aug. 
The roots of this plant, or the last, or both, are used by me Indians as a 
remedy for diarrhea. ; 


Geranium carolineanum, L. Winnipeg and N. W. Angle Rd. July 3, 73 ; in flower. 
Geranium, Sp. I. thicket, Turtle Mountain. July 25, 73; in flower. 


BALSAMINACE. 
Impatiens fulva, Nutt. Lake of the Woods. (Swamp.) August 2, ’73 ; in flower. 


ANACARDIACE. 
Rhus glabra, L. Lake of the Woods. July 6, ’73. 


Rhus trilobata, Nutt. (Rhus aromatica, Gray). Bad Lands south of Wood Moun- 
tain. June 29,’74. Berries nearly ripe. Also observed as far east as Pyra- 
mid Creek. Grows only on dry barren hill-sides. Few specimens of this 
plant were seen; and latitude 49° is probably about its northern limit. 


Rhus tozicodendron, L. Dufferin, (Thicket). June 21, ’73—in flower. 


VITACEA. 
Ampelopsis quinguefolia, Mx. Lake of the Woods. July 19, ’73—just flowering. 
Vitis cordifolia, Mx. Dufferin, June 18, ’73, in flower. 


RHAMNACE. 
Ceanothus velutinus, Dougl. (Var. levigatus, F. & G.= C. levigatus, Hook.) 
Kootanie Pass, a shrub about 3 feet high. 


Rhamnus alnifolius, L'Her. Lake of the Woods, Aug. 7,°73. Kootanie Pass, Aug. 
14, ’74. Both in fruit. 


we Bho al 
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ACERINA. 
Acer rubrum, L. Kootanie Pass, Mountains near Waterton Lake. 


Negundo aceroides, Meench, Lake of the Woods, Red River Valley, and westward 
in the vallies of rivers. In flower at Dufferin, May 8, ’74. Finds its northern 
limit on the N, Saskatchewan in lat. 54°, according to Richardson, Its sap 
is frequently collected and boiled down to make sugar in spring. 


POLYGALACEXR. ” 


Polygala polygama, Walt. Lake of the Woods, July 24, '73, in flower. 


Polygala senega, L. Rising ground E. of Red River prairie, June 20, ’73, in flower. 
Lake of the Woods, July 22, ’73, with ripe seed. 


LEGUMINOS. 


Astragalus Canadensis, L. Winnipeg and N. W. angle road, July 5, '73. Red 
River prairie, June 24, 73. Turtle Mountain, July 30,’73. Wood End, July 
12, ’°74—all in flower. 


Astragalus Canadensis, Var. Wood End, June 30,'74. Lake of Wood Mountain, 


June 27, ’74—both in flower. 


Astragalus caryocarpus, Ker. Rising ground E. of Red River prairie, June 20, °73— 
fruit fully formed. West of Pembina escarpment, (dry bank,) May 26, ’74, 
in flower. Very common on the second prairie steppe, W. of Pembina 
River.—Var. Wood End, (dry bank), June 11, ’'74, with larger leaves and 
fewer flowers, but not agreeing with A. mezicanus, and A. caryocarpus of the 
normal form, growing on the same bank, but having its fruit fully formed. 

Astragalus hypoglottis, L. Red River Prairie, May 22,’74, first blossoms. June 4, ’73, 
in flower. First crossing Souris R (Valley and open prairie), June 3, ’74, in 
flower. Abundant. Traders’ Rd. June 19,’74, in flower. White variety. 

Astragalus flexuosus, Dougl. Red River Prairie, June 27,’73. Turtle Mountain 


(dry bank,) July 26,’73. Wood Mountain (dry open prairie,) June 25, ’74. 
All in flower. 


Astragalus flezuosus, Dougl. Var. elongatus (= Phaca Elongata, Hook.) Near Short 
Creek (open prairie) June 10, ’74, first blossoms. 


Astragalus Minsouriensis, Nutt. Near Short Creek, (dry hill sides), June 10, '74, in 
flower. 


Astragalus pectinata, Dougl. First crossing Souris River, (dry open prairie), June 
3, 74, first blossoms. Plant with a strong unpleasant odour. 


Astragalus adsurgens, Pall. Traders’ Road, (open prairie), June 21, 74, in flower, 
forming dense tufts about 18 inches high. South of Wood Mountain, June 
30, ’74, in flower. 

Astragalus aboriginorum, Rich. Pembina Mountain, (open prairie), July 4, ’73—in 
flower. Short Creek, June 10, ’74—in flower. 

Astragalus Bourganii, Grey. Rocky Mountains, (6,000 feet): August 17, ’74—in 
flower. 

Astragalus triphyllus, Pursh, (not Phaca cexspitosa Nutt.) First crossing Souris 


River, (dry gravelly banks), June 3, ’74, last blossoms. Forming dense matted 
tufts, flowers white with bright purple tips when fresh. 


Astralagus cespitosus, Grey. White Mud River, (dry bank), June 3, '74, with seed 
nearly ripe. 


Astragalus tegetarius, Watson. Kootanie (Pass, dry bank,) August 14, ’74—in 
flower. , 


Desmodium Canadense, D.C. Lake of the Woods. July 28, ’73, in flower. 


Hedysarum boreale, Nutt. Foot Hills of Rocky Mountains, (thickets and borders 
of streams), August 15, ’74, still in flower in sheltered localities. 


Lupinus argenteus, Pursh, South of Woody Mountain. July 25, '74, in flower. 
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Luvinus argenteus? Wood End. September 1, ’73, in flower, 
Lathyrus maritimus, Bigelow. Lake of tho Woods. August 7, '73, in flower. 
Lathyrus venosus, Mubl. Dufferin. June 22, ’73, in flower. 


Lathyrus ochroleucus, Hook. Dufferin, (thicket). June 3,’73, in flower.—First 
crossing Souris River, thicket in valley. June 5, ’74, first blossoms. 

Oxytropis Lamberti, D.C. N. Antler Creek (open prairie) June 6, ’74, in flower. 

* White Mud River (dry bank) July 3, ’74, still in flower. First crossing Souris 
River, June 3, ’74, (dry open prairie and gravelly banks) in flower. White 
variety. 

Oxytropis splendens, Dougl. (var. vestita, Hook). Turtle Mountain, (open prairie) 
July 10, ’73, in flower. : 

Oxytropis splendens, Doug). (var. Richardsonii, Hook). Turtle Mountain, thicket, 
July 11,73, in flower. My specimens are very different in appearance from 
the last, and might almost rank as a different species, especially as found 
growing nearly in the same locality. The leaves are almost all regularly 
pinnate, with scarcely a trace of verticillate arrangement in the leaflets. 


Psoralea brachiata, Dougl. Rising ground east of Red River prairie, June 19, ’73, 
in flower. Wood End, (open prairie) July 4, ’74, still in flower. East Fork 
Milk River, July 18, ’74, past flowering. 

Psoralea argophylla, Pursh. Turtle Mountain (open prairie) July 30, ’73, in 
flower. N. crossing White Mud River, July 11,’74, first blossoms. From the 
eastern edge of the second prairie steppe, to the Rocky Mountains, abundant. 
Flower, cobalt blue. 


Petalostemon violaceum, Mx. Rising ground E. of Red River prairie, Aug. 27, ’73, 
in flower. Turtle Mountain (open prairie) July 25, ’73, in flower. West 
Butte, July 24, ’74, in flower, 

Petalostemon candidum,Mx. var. Turtle Mountain, (open prairie) July 21, ’73, 
in flower. S. of Wood Mountain (dry prairie and hill-sides) July 2, ’74, first 
blossoms. The leaves nearly all obtuse, and sometimes slightly obcordate. 
Does not agree exactly with Michaux’s figure. 


"‘Thermopsis rhombifolia, Nutt. First crossing Souris River and westward, (damp 


spots on the open prairie and hill-sides) June 3, ’74, in flower. 


Vicia Americana, Muhl. Lake of the Woods, July, ’73, in flower. Dufferin, (open 
prairie) June 10,’73; (thicket) June 12, ’73; near Short Creek, June 10, ’74. 
Both in flower. 


Vicia Americana, Muhl, var. B., Hooker. Near Turtle Mountain (open prairie), 
June 1, ’°73. Near Wood Mountain (open prairie), June 25, 74. Both in 
flower. A well-marked variety, inhabiting dry exposed prairies. 


ROSACEA. 
Agrimonia eupatoria, L. Turtle Mountain, (thicket) July 23, ’73, last blossoms. 
Amelanchier Canadensis, T. & G. Dufferin, June 3, ’73, in flower. Foot Pembina 
Mountain, May 22, ’74, first blossoms. Common on the forty-ninth parallel 
from Lake of the Woods to the Rocky Mountains. West of the Red River 
country, only occurs in sheltered yalleys, but becomes very abundant again 
on the foot hills of the mountains. In many varietal forms. 


Crategus coccinea, L. Dufferin, June 2,’73; second crossing Souris, June 8, '74. 
Both in flower. 


Comarum palustre, L. Winnipeg, and N. W. Angle Road. July 3, ’73, in flower. 


Dryas octopetala, L. Rocky Mountains, (6,500 feet). August 18, '74, in flower. 
Abundant on gravelly banks in the Kootanie Pass, where plants showed half 
ripe seeds at the same date. 


Fragaria Virginiana, Ehrhart. Dufferin, June 2, ’73, in flower. Found growing 
on the third prairie steppe in sheltered parts of the valley of White Mud 
River. 


e 
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Fragaria vesca, L, Winnipeg and N. W. Angle Road, July 4, 73, flowers and fruit,’ _ 


Geum triflorum, Pursh. Red River prairie, May 21, ’74, in flower. June 19, ’73 
styles 3} inches long. Northward to Athabasca Lake (Richardson), and the 
Peace River (Macoun.) 

Geum macrophyllum, Willd. Turtle Mountain (thicket). July 15, 73, in 
flower. Foot-hills of Rocky Mountains. August 12, '74, flowering nearly — 
over. ‘ 

Geum strictum, Ait. Winnipeg and N. W. Angle Road. July 3, ’73, in flower. = 

Potentilla tridentata, Ait. Winnipeg and N. W. Angle Road. July 4, 773, last 
blossoms, 


Potentilla norvegica, L. Red River. June 29, '73, in flower. 

Potentilla fruticosa, L, Eastern border of Red River Prairie. June 20, ’73. 
Winnipeg and N. W. Angle Road. July 3, ’73. Woody Mountain, June 
22,’74; all in flower, Abundant near Woody Mountain, and on the Foot- 
hills of the Rocky Mountains. 


Potentilla anserina, L. Dufferin, June 10,’73. Near, Short Creek, June 10, ’74. 
Both in flower. 

Potentilla arguta, Pursh. Red River, June 28, ’73; near Wood Mountain, June 
27,’74 (open prairie). Both in flower. 

Potentilla glandulosa, L. Rocky Mountains (6,000 feet,) Aug. 16, ’74, in flower. 
Variety, with petals considerably exceeding the sepals. 

Potentilla effusa, Doug]. Pembina Mountain (gravelly bank) May 26, ’74, first 
blossoms. Long River, (open prairie) May 29, ’74, in flower ; first crossing 
Souris River, (dry bank) June 3, ’74, in flower. 

Potentilla gracilis, Dougl. Pembina Mountain (open prairie) July 6, ’73; Turtle RS 
Mountain, (open prairie) July 9, ’73, both in flower. : 

Potentilla Pennsylvanica, L. Var. strigosa, Pursh. Turtle Mountain, (open prairie) 
July 10,’73; Wood End, (open prairie) June 13,’74. Both in flower, 

Potentilla hippiana, Lehm. Wood End, (open prairie) July 7, ’74, in flower. , 

Potentilla Sp. I. Wood Mountain, June 24, ’74; Traders’ Road, July 15,’74. Both 
in flower, 

Potentilla, Sp. II. Rocky Mountains (6,500 feet), Aug. 18, ’74, in flower. 

Potentilla (Ivesia) Sp. III. N. Antler Creek (open prairie), June 7, ’74. Wood End 
(open prairie), June 14, ’74. Both in flower. 

Prunus Virginiana, L. Dufferin, June 4, ’73. First crossing Souris, June 3,’74. 
Both first blossoms. Distribution same as Amelanchier Canadensis, The 


Toqua-e-minaré of the Lake of the Woods Chippeways. The Indians collect 
the berries, beat them till the stones are crushed, and then dry them. 


Prunus Americana, Marsh, Dufferin, June 3, ’73, in flower. 


Prunus Pennsylvanica, L. Foot Pembina Mountain. May 22,’74, flowers just 
opening. 


Prunus depressa, Pursh. Lake of the Woods, 


Rosa blanda, Ait. Dufferin, June 19, ’73, in flower. Near Wood Mountain, June 
30, °74, in flower. Grows commonly in a stunted form on the open plains 
of the Red River, and westward on the second prairie steppe, as far as 
Turtle Mountain. Beyond this point, it is seldom seen, except in sheltered 
spots in vallies, and along the borders of streams. 


Rubus strigosus, Mx. Dufferin, June 19, ’73. Wood Mountain, June 24. Both in 
flower. 


Rubus triforus, Richard, Dufferin, June 3, ’73. Wood Mountain, June 24. Both 
in flower, 
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Rubus Nutkanus, Moc. Kootanie Pass, Aug. 16, ’74, in flower. Also common on 
the Foot Hills with ripe fruit. 


Spirewa salicifolia, L. Lake of the Woods. Dufferin. June 30, 73. Badger’s 
Creek, (open prairie). January 7,73. Pembina Mountain, (open prairie). 
January 4, ’73. Winnipeg and N. W. Angle Road. July 5, ’73. All in 
flower. Abundant on the eastern portion of the second prairie steppe, 
wherever the soil is at all damp. Forms stunted thickets. The form most 

» characteristic of the open plains seems to be one with small but broad 
leaves, slender stems, panicle small and close. 


Spirewa betulifolia, Pall. West Butte, July 28, ‘74. Kootanie Pass, August 
16,74. Both in flower. 


Sibbaldia procumbens, L. Rocky Mountains, (7,000 feet), August 18, ’74, in 
flower. Abundant but much stunted. Scar-cely an inch high. 


ONAGRACE. 

Cirera alpina, L. Lake of the Woods, July 9, ’73, in flower. 

Epilobium angustifolium, L. Lake of the Woods. Turtle Mountain (thicket.) 
July 13, ’74, in flower. Var. canescens. Lake of the Woods. August 7, 
in flower. 

Epilobium latifolium, L. St. Mary River, near the Rocky Mountains. (Border of 
stream), August 9, ’74. Nearly past flowering. Rocky Mountains, (7,000 
féet). August 18, ’74, in flower. 

Epilobium palustre. Var. lineare. Gray. Near Wood Mountain, July 2, 
74, in flower. Foot-hills of W. Butte, (border of stream), August 2, ‘74. 


Second Branch Milk River, August 4,’74. The two last in flower but also with 
fully formed pods. 


Epilobium palustre, var. albiflora, Hook. Near Wood Mountain, (swamp) July 7, 
74, in flower. 

Epilobium coloratum, Muhl. Lake of the Woods, July 18, 73, in flower. Foot 
hills of W. Butte, (border of stream) Aug. 2, '74, in flower, but with ripe pods. 

Epilobium origanifolium, Lam. Rocky Mountains, Camp Akamina, (6,000 feet) 
growing in the shade of thick woods, in flower. 

Gaura coccinea, Nutt. Badger Creek, July 7,’73, in flower. Wood End, (dry banks) 


rare, June 11, ’74, first flowers. Common westward from these localities, on 
the dry places. : 


Myriophyllum spicatum, L. Lake of the Woods, Aug. 1, '73. 


(Enothera biennis, L. Lake of the Woods, (dry sandy shore) July 7, '73, in flower. 
Turtle Mountain, July 25, ’73, in flower. 


(Enothera marginata, Nutt. (= Enothera cespitosa, Nutt,) in Porter & Coulter, Syn. 
H. Col.) Short Creek, June 10, ’74, (dry clay bank) fragrant. Acaulescent 
var. 

(Enothera heterantha, Nutt. Traders’ Road, (open prairie) June 14, ’74, in flower. 


(Enothera leucocarpa, Comien. Turtle Mountain, (open prairie), July 26, ’73. 
Wood End, July 18, ’74. Near Wood Mountain, July 9,°’74. All in flower. 
Agrees with Hooker’s description, but the anthers appear to be versatile, not 
adnate. 

Enothera pumila, L. Lake of Woods, Aug. 20, ’73, last flowers. A depauperated 
variety, with flowers bright yellow, scarcely four lines in diameter. 

nothera albicaulis, Nutt. Pembina Mountain, Sep. 6 
Glabrous variety, with white petals. 


, 73, in flower, Unique. 


nothera, Sp. 1 (near allicaulis). Wood End (open prairie), July 7, ’74, in flower, 
West Butte (open prairie), July 30,’'74, in flower. 


nothera, Sp. 11. Second Branch Milk River, Aug. 4,’74, in flower, 
nothera, Sp. I11 Milk River, July 19, ’74, in flower, 
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Symphoricarpus occidentalis, R.Br. Lake of the Woods. Red River, June 
27,73, in flower. 


LOASACEA. 


Mentzelia ornata, Pursh. and Nutt. Foot-hills of West Butte (sheltered valley), 
July 31, ’74, in flower, 


CACTACEX. 


Opuntia Missouriensis, D.C. Specimens appear to belong to var. rufispina of En- 
glemann & Biglow’s Report in connection with the Pacific Railway. The 
plant is very variable, however, and no doubt other varieties are represented 
on the forty-ninth parallel. Near Wood Mountain, June 26, ’74, in flower. 
The plant comes very suddenly into bloom, and is very gay for a few days. 
In 74, from June 26 to July 3. Common everywiere, but especially char- 
acteristic of dry hills and barren valleys, with parched and clayey soil. 
From Wood End, Long. 103°, to near the E. Butte, Long. 111°. East and 
west of these points the rainfall increases, and it is probably this cause that 
limits the plant. Collected on the Saskatchewan, by Bourgeau. Macoun col- 
lected a cactus, which he refers doubtfully to this species, near Dunregan, on 
the Peace River. 


Mamillaria (Coryphantha) vivipara, Haw. Wood End, June 27, ’74. Near Wood 
Mountain, July 6,’74. Both in flower. Range similar to last, but not nearly 
so abundant. Berry edible, ripe in Sept. The flowers, before being dried, 
are not purple, but carmine. 

The locality furthest east where Cacti were observed, on the forty-ninth parallel, 
was on the plains near Turtle Mountain. The form there seen was not in flower, and 
did not appear to be growing luxuriantly. It was rare, and may be a depauperated 
variety of U. Missouriensis, but is probably distinct. Sir J. Richardson mentions the 
‘occurrence of a Cactus on the Lake of the Woods. He writes, ‘We gathered Opuntia 
Glomerata, or the Crapaud Verd, of the voyageurs, on the Lake of the Woods.” (Journ. 
Boat Voyage, Vol. I1., p. 277.) Though some time on the Lake of the Woods, I did not 
succeed in confirming the presence of this form, and from the dampness of the climate 
am led to suspect that some error in reference has occurred. 


GROSSULACE. 


Ribes aureum, (Pursh). West Fork Milk River, July 18, ’74. Fruit formed, but not 
ripe. Seen only at this place. 


Ribes rotundifolium, Mx. West Fork Milk River, July 18, ’74. Ripe fruit, 


Ribes floridum, L. Her. Dufferin, June 2, ’73, in flower. First crossing Souris River. 
June 3, ’74, in flower, Lake of Woods, &c. 


Ribes rubrum, L. Winnipeg, and N. W. Angle Road, July 4, ’73. Ripe fruit. 
Ribes cynosbati, L. Pembina Mountain (thicket), May 27, ’74, in flower, 


CUCURBITACEA, 
Echinocystis lobata, T. & 8. Lake of the Woods (boggy shore), July 8, ’73, in 
flower. Turtle Mountain, July 23, in flower, 
CRASSULACER. 


seracate gre tty: Pursh. Summits of three Buttes, or Sweet Grass Hills, July 
, 74, in flower. Rocky Mountains (6,000 to 7 000 feet), Aug. 18, 14, in 
ae 


Sedum rhodiola, D.C. Rocky Mountains (7,000 feet), Aug. 18, '74, past flowering. 
Sedum, Sp. 1. Kootanie Pass, dry bank. 


SAXIFRAGACER, 
Heuchera cylindrica, Doug. Kootanie Pass, Aug. 14, '74. With ripe seed. 


Heuchera Richardsoni, R. Br. Red River Prairie, June 18, '73, in flower, Abundant. 
From the Lake of the Woods, westward, 
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Leptarrhena pyrolifolia, Brown. Rocky Mountains. Camp Akamina (6000 feet), 
Aug. 17,’74. Seed nearly mature. Growing on the shady bank of a mouu- 
tain stream. The seeds are slender , spindle-shaped, thickened in the middle, 
the two ends slightly bent in different directions. 


Mitella nuda, L. Winnepeg and North West Angle Road (thick wood), July 5,’73, 
seed nearly mature. 


Mitella pentandra, Hook. Rocky Mountains. Camp Akamina (6000 feet, 
thick wood), Aug. 18, ’74, seed nearly mature. 


Sazifraga heterantha, Hook. Rocky Mountains. Camp Akamina, (6000 feet, 
bank of stream), Aug. 18, '74, in flower. A weak variety, with smooth 
leaves. 


Sazifraga Dahurica, Pall. Kootanie Pass, Aug. 16, 74, past flowering. 


Saxifraga bronchialis, D. C. West Butte (5600 feet), July 29, ’74, in flower. 
Rocky Mountains (6000 feet), Aug. 16, 74, past flowering. 


Sazifraga vernalis, Willd. var. B., Hook. in Fl. Bot. Am. Rocky Mountains (7000 
feet), Aug. 18, ’74, in flower. 


are Escholtzii, Sternb. Rocky Mountains (7,000 feet), Aug. 18, ’74. I first 
obtained a specimen of this plant from Major Cameron, who found it on the 
summit of a mountain near the Kootanie Pass. A few days afterward, I 
found it growing in considerable abundance on the peaks near the Boundary 
Monument. It forms a dense, matted sod, and is generally seen growing be- 
tween stones in the shady and retired parts of the mountains, near melting 
snow banks. Most of the specimens were past flowering on the date men- 
tioned. Described by Sternberg from Northern Asia, but found also on the 
north west coast of America, lat. 59°, Behring’s Strait, and on the Arctic Sea 
shore, near Mackenzie River. 

Tiarella unifoliata, Hook. Kootanie Pass (wood), Aug. 16, °74, nearly past 
flowering. Described by Hooker from specimens collected by Drummond on 


the height of land in the Rocky Mountains, near the sources of the Columbia, 
and at Portage River. 


UMBELLIFER. 


Cicuta Maculata, L. Lake of the Woods, July 31, ’73, in flower. Winnipeg, and 
N. W. Angle Road, July 2, ’73, in flower. 


Carum Gairdneri, Benth & Hook. South Fork, Belly River, Aug. 15, in flower. 
Abundant. 

Cymopteris, Sp. I. Wood End, June 11, ’74, in flower. 

Heraclium lanatum, L. Red River, prairie, July 3, in flower. 

Osmorrhiza brevistylis, D.C. Kootanie Pass (thick wood), Aug. 16, '74, with ripe 
carpels. 

Osmorrhiza longistylis, D.C. Wood Mountain (thicket), June 24, ’74, in flower. 

Peucedanum Sp. I. Wood End, June 11, ’74, with seed nearly ripe. 

Sanicula Marylandica, L. Red River, June 20, ’73, in flower. 


Sium lineare, Mx. Lake of the Woods, July 31, ’73, in flower, Turtle Mountain, 
July 25,’73. Both in flower. 


Thaspium trifoliatum, Gr. Dufferin, June 4, ’73, first blossoms. ‘Traders’ Road, 
June 14, ’74, in flower. Abundant over the first and second prairie steppes, 
and very variable. 

Umb, I, Foot Hills of Rocky Mountains (dry banks), Aug. 7, 74, in flower. 

Umb. II. Near Pembina Mountain (open prairie), May 22,’74, in flower. 
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ARALIACE. t 


Aralia nudicaulis, LL. Wood End, Souris River (thicket), June 11, 74, past 
flowering. ’ 
Aralia hispida, Winnipeg and North-west Angle Road, July 5, 73, in flower. 


CORNACE. 
Cornus Canadensis, L. Winnipeg and N. W. Angle Road, July 4, ’73, in flower. 
Cornus paniculata, L’Her. Dufferin, June 6, '73, first blossoms. Second crossing 
Souris River, June 8, '74, in flower. 
Cornus stolonifera, Mx. Lake of the Woods. 


CAPRIFOLIACEX. 
Diervilla trifida, Moench. Winnipeg, and N. W. Angle Road, July 4, ’73. 
Linnea borealis, Gron, Lake of the Woods, July 9, ’73, in flower. \ 


Lonicera involucrata, Banks. South Fork of Belly River (in the Mountains), 
Aug. 15, ’74. Kootanie Pass (thicket), Aug. 16, ’74. Both in flower. 


Lonicera oblongifolia, Muhl. Winnipeg and N. W. Angle Road, July 3,’73, in fruit. 
Lonicera parviflora, Lam. Dufferin (thicket), June 14,.’73, in flower. 

Viburnum opulus, L. Dufferin (thicket), June 12, 73, in flower. 

Viburnum lentago, L. Dufferin (thicket), June 13, ’73, in flower. 


RUBIACE. 


Galium boreale, L. Dufferin (open prairie), June 17, 73, in flower. Wood Moun- 
tain, June 23, 74, in flower. Very abundant, especially on the Red River 
prairie. ‘ 

Galium triflorum, Mx. Lake of the Woods, July 8,73, in flower. Turtle Moun- 
tain, July 19, ’73, in flower. 

Galium trifidum, L. Winnipeg and N. W. Angle Road, July 3, ’73, in flower. 


Houstonia ciliolata, Torr. Winnipeg and N. W. Angle Road, July 3, ’73, in flower. 


Houstonia tenuifolia, Nutt. Lake of the Woods, July 7, ’73, in flower, 


VALERIANACE2. 
Valeriana sylvatica, Richards, Rocky Mountains, (6,000 feet) Aug. 16,’74, last 
blossoms. 
COMPOSITA. 


Achillea millefolium, L. Red River, prairie, July 2, ’73, in flower. Abundant 
everywhere from the Lake of the Woods to the Rocky Mountains. 

Ambrosia psilostachya, D.C. Lake of the Woods, July 18, ’73, in flower. West- 
ward, at least over the first and second prairie steppes. 

Ambrosia trifida, L. Var. integrifolia. Near Milk River (low, fertile prairie land) 
July 19, 74, in flower. Specimens about 1 foot high, with a single flowering 
spike, 

Actinella acaulis, Nutt. West Butte (dry hill), July 30, ’74, in flower. Plant not 
uncommon, but only a single flowering specimen obtained. 

Amida hirsuta, Nutt. Foot Hills of West Butte, July 30,’74, in flower. Plant 


with a heavy, unpleasant, minty smell. Number of ray flowers inconstant. — 


Found only in this locality, and growing in a sheltered hollow in great 
abundance, . 


Antennaria plantaginifolia, Br. Red River Prairie, May 20,’74, in flower, Pem- 
bina Mountain, May 26, ’74, in flower. 


Antennaria dioiea, var. rosea, Gaertn. Near Short Creek, June 10, ’73, in flower. 


Antennaria Alpina, Gaertn, Rocky Mountains, Aug. 18, ’74, in flower, 
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Antennaria Sp. I. 385 Mile Point, Foot: Hills of Rocky Mountains, Aug. 1, ’74, 
past flowering. 


Aplopappus Nuttallii, T.and G. White Mud River (dry bank), July 3, 74, in 
flower. 

Aplopappus spinulosus, D.C. Turtle Mountain, Aug 23, ’73. First Crossing 
Souris River, July 30, ’73. Both in flower. Not common on the second 
prairie steppe, but abundant westward, on the drier plains. 

Aplopappus lanceolatus, T. and G@. First Branch Milk River, Aug. 5, °74, in 
flower. 

Aplopappus, Sp. 1. Short Cr., June 10,’74. Growing in dense, matted tufts. 

Arnica angustifolia, Vahl. Souris River (open prairie), June 7, '74, in flower, 
Abundant. 

Arnica Menziesiit, Hook. Kootanie Pass (thicket), Aug. 16, 74, in flower. 

Arnica longifolia, D. C., Eaton. Rocky Mountains (7,000 feet), Aug. 18, ’74, in 
flower, 

Artemisia frigida, Willd. Rising ground, east of Red River prairie, Aug. 23, ’73. 
Wood End, Sept. 1, ’73. Both in flower. 

Artemisia Douglasiana, Bess. South of Wood Mountain, dry clay banks in the 
bad-lands, June 29, ’74, in flower. 


Artemisia Tudoviciana, Nutt. Var. I. East Fork, Milk River, Aug. 23,’74. West 
Fork, Milk River, Sept. 10,74. Both in flower. This is the most common 
variety of “sage” on the third prairie plateau, and grows very abundantly 
on dry, open plains and dry valleys. On the second prairie plateau 
A. frigida is probably more abundant. 

Artemisia Iudoviciana, Nutt. Var. gnaphaloides, T. & G. Wood End, July 14, ’74, 
not yet in flower. 385 Mile Point, Sept. 18, ’73, past flowering. 

Artemisia Canadensis, Mx. Lake of the Woods, Aug. 7, ’73,in flower. Wood End, 
July 14, 74, not yet in flower. Foot hills of Rocky Mountains, (dry hill- 
sides) Aug. 7, ’74, in flower. 

Artemisia discolor, Doug]. Kootanie Pass (dry bank), Aug. 4, ’74, in flower. 

Artemisia dracunculoides, Pursh. Second Crossing Milk River (dry bank), Aug. 5, 
74, in flower. 


Aster multifiorus, L. Turtle Mountain Aug. 12,’73. Second Branch: Milk River, 
Aug. 4,’74. Foot hills, Rocky Mountains, Aug. 26, ’74. All in flower, 
Abundant from the Red River to the Rocky Mountains. 


Aster macrophyllus, L. Lake of the Woods, Aug. 7,’73. Turtle Mountain, Aug. 
11,’73. Both in flower. A straggling variety, with broad winged petioles. 


Aster graminifolius, Pursh. Height of Land Muskeg, between Lake of the Woods 
and Red River, Aug. 21, ’73, in flower. 


Aster carneus, Nees. Foot Hills of Rocky Mountains (damp thicket), Aug. 26, ’74, 
in flower. 


Aster levis, L. Second Crossing Souris River (thicket), Aug. 11, ’73. in flower. 
Abundant. Foot Hills of Rocky Mountains, Ang. 26,’74, in flower. Speci- 
mens from the first locality coming under var. levigatus, those from the latter 
approaching var. cyaneus. 


Aster miser, Lake of the Woods, Aug. ’73. 

Aster salsuginosus, Rich. Rocky Mountains (6000 feet), Aug. 16, ’74, in flower. 
Aster. Sp. I. Near-Wood Mountain, Saline soil. Sep. 15, ’74, in flower. 

Aster, Sp. 11. Turtle Mountain, (open prairie). July 26, ’73, in flower, 
Aster, Sp. III. Near Wood Mountain, (saline soil.) September 15, ’74, in flower. 
Bidens Beckii, Torr. Lake of the Woods. August 18, ’73, in flower. 

Bidens chrysanthemoides, Mx, Lake of the Woods. August 18, ’73, in flower, 
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Chenactis, D. C., Sp. I. Wood Mountain. Shore of Saline Lake. July 20, 
74, in flower. k 

Chrysopsis villosa, Nutt. Rising ground east of Red River prairie. August 22, ’73. 
Turtle Mountain, (open prairie.) July 23,’73. Both in flower, Abundant 
everywhere on dry stony plains, . 

Chrysopsis (Diplopappus) hispida, Hook. Wood End, or Wood Mountain, (Label 
of specimen lost.) Abundant in the Coteau. 

Cirsium muticum, Mx. Lake of the Woods. July 30, ’73, in flower. 

Cirsium altissimum, Spring. Turtle Mountain, (open prairie.) August 5, ’73, in 
flower. Kootanie Pass, (meadow.) August 14, ’74, still in flower. 

Coreopsis tinctoria, Nutt. South of Wood Mountain. July 1, ’74, first blossoms. 
West Fork Milk River. August 22,’74, in flower. Not abundant, nor observed 
on the northern side of the watershed. 


Crepis elegans, Hook, Kootanie Pass. August 15, ’74, still in flower. Found on 
gravel banks flooded in Spring. 

Diplopappus umbellatus, F. and G. Turtle Mountain. August 11, ’73, in flower. j 

Echinacea purpurea, Meench. Wood End, (open prairie.) July 8, ’74, in flower. 

Erigeron Canadense, L. Lake of the Woods. July 22, ’73, in flower. var, 4 
pusillum, Nutt. August 1, ’73, in flower. | 

Erigeron strigosum, L. Lake of the Woods. July 22, ’73. Turtle Mountain 
August 2,’i3, both in flower. Sweet Grass Hills, July 24, ’74, in flower. 


Erigeron glabellum, Nutt. Dufferin, June 14,’73. Turtle Mountain. August 1, 
73. Near Short Cr, June 10, ’74. South Fork Belly River, August ’74. All 
in flower. Abundant across the whole prairie region and assuming many 
varietal forms. 

Erigeron pumilum, Nutt. Wood End, (open prairie,) June 27, 74, in flower. 


Erigeron compositum, Pursh. Rocky Mountains, (7,000 feet,) August 18, 74, in 
flower. Variety with ciliate petioles, but elabrous leaves, 


Erigeron alpinum, L. Rocky Mountains, (7,000 feet,) August 18, ’73, in flower. ¢ 
Much reduced for ms, 


Eupatorium perfoliatum, L, Lake of the Woods, July 3, ’73, in flower. 

Eupatorium purpureum, L. Turtle Mountain, (marsh) Aug. ee 73, in flower, 

Gaillardia pinnatifida, Torr. Red River prairie, June 27, ’73. Pembina Moun- 
tain, July 4,’74. South of Wood Mountain, June 27, ’74. All in flower. 

Grindelia squarrosa, Dunal. First Crossing Souris River, Aug. 7, °73. West 
Butte, Aug. 2, ’74. Second Branch of Milk River, Sept. 1, ’74. All in 
flower. 

Gnaphaltium polycephalum, Mx. Lake of the Woods, July ’73, in flower. 

Helenium autumnale,L. Second Crossing Souris River, Aug. 11, ’73; Sept. 20, 
‘74; both in flower. 

Heliopsis scabra, Dun. Red River prairie, June 21, ’73, first blossoms. Turtle 
Mountain (thicket), Aug. 2, ’73, in flower. 


Helianthus rigidus, Duf. Rising ground east of Red River valley, Aug. 23, ’73. ’ 
Turtle Mountain (open prairie), July 26, ’73. Second branch Milk River, . | 
Aug. 6,’74. All in flower, 


Helianthus giganteus, L. Dufferin, Sept. 1, 73, in flower. Coming up in great — 
abundance where new prairie land ploughed, probably from seed stored by 
the gophers in their underground burrows. 


Hieracium Canadense, Mx. Lake of the Woods, July 25, ’73. Turtle Mountain, 
Aug. 2,’73. South Fork Belly River, Aug. 15,’74. Foot hills Rocky Moun- 
tains, Aug. 26,’74. All in flower. 


Mieracium triste, Willd, Rocky Mountains, Aug. 16, ’74, in flower. 
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Hieracium albiflorum, Hook. Rocky Mountains (6,000 feet), Aug. 16, 74, in 
flower. 


Tieracium venosum, L. Red River prairie, June 20,’73. Wood Mountain, June 
23, 74. 


Hymenopappus luteus, Nutt. White Mud River (dry bank), June 3, ’74, in flower. 


fva axillaris, Pursh. Near Short Creek (open prairie), June 10, ’74. Not ob- 
served further east than this locality, but abundant westward, growing 
generally on hard, dry clay soil, which has been flooded in spring. 


Lactuca elongata, Muhl. Lake of the Woods, July 28, ’73, with ripe seed. 


Lepachys columnaris, T. & G. First Crossing Souris, July 30, ’73, in flower. 
Wood End, (open prairie), July 7, ’74, first blossoms. White Mud River, 
July 11, ’74, first blossoms. 


Lynosyris Howardii, Parry. Second Branch Milk River (dry clay bank), Sept. 1, 
74, in flower. Tufted from a stout low woody. 


Lynosyris graveolens, T. & G. ‘Between Lake of Woods and 350 Mile Point, 1873, 
(label of specimen lost.) 


Liatris seariosa, L. Turtle Mountain, July 30, ’73, in flower. Abundant on the 
first and second prairie steppes. 


Liatris punctata, Hook. Rising ground, east of Red River, August 26, ’73, in 
flower. Turtle Mountain, (open prairie,) August 5,’73, in flower. Abundant 
in patches of prairie, east of the Red River; and also west of the Red River 
over the second prairie steppe. 

Lygodesmia juncea, Don. Turtle Mountain, (open prairie), August 23, ’73, in 
flower. Observed nearly to the edge of the second prairie steppe, but very 
rare east of Turtle Mountain. Abundant westward on dry plains both north 
and south of the watershed. 


Macheranthera canescens, Grey. South of Wood Mountain, (dry clay-bottomed 
vallies, sub-saline soil). Variety 6 to 8 inches high, with entire leaves. 


Macrorrhyncus trozamoides, F, and G. Dufferin, June 10, ’73, in flower. 


Macrorrhyncus glaucus, Torr. Red River Prairie, June 7, 20, ’73, (open prairie 
near Souris River, September, ’73. Near Turtle Mountain, (open prairie) 
June 2, ’74, all in flower. I cannot separate this form satisfactorily from the 
last, which is much less abundant. Specimens from the Red River Valley 
have leaves 10 inches or more long ; scapes 12 to 14 inches. In specimens 
from the second prairie steppe, the leaves are shorter in proportion to the 
scape, and have assumed a thicker and more rigid character. 


Macrorrhyneus, Sp. I. Rocky Mountains, (6,000 feet), August 16, ’74, in flower. 
Macrorrhyncus, Sp. Il. Kootanie Pass, August 16, 74, in flower. 


Mulgedium acuminatum, D.C. Lake of the Woods, July 30,’73. Turtle Moun- 
tain, July 26,’73. White Mud River, July 4,’74. All in flower. 

Mulgedium leucopheum, D.C. Lake of the Woods, July 31, ’73, with ripe seed. 

Nabalus Boottii, D. C. Var. South Fork Belly River, Aug. 13, ’74, in flower. 
Growing in thickets and much taller than usual. Proper scales of involucre 
about 12. Head about 12—flowered. Leaves below triangular, tapering 
abruptly to a broad-margined petiole. 

Nabalus albus, Hook. High land east of Red River prairie, Aug. 24, ’73, in flower. 

Nabalus, Sp. I. Kootanie Pass, Aug. 15, ’74, in flower. 

Nardosmia sagittata, Pursh. Dufferin (low damp thicket). In full bloom in the 
first week of May, ’74. Seed nearly ripe, June 4, ’73. Flower with an 
odour like that of Crategus, white, tinged with purple. 

Picradenia (Actinella) Richardsoni, Hook. ‘Traders’ Road (dry hills) June 18, ’74. 
White Mud River, July 4,’74. Both in flower. 






a Pd . 
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366 B. N. A. BOUNDARY COMMISSION. 
Rudbeckia ?aciniata, L. Roseau River, Aug. 22, ’73. “Turtle Mountain (thicket) A ey 
July 23,73. Both in flower. 7 
Rudbeckia fulgida, Ait. Dufferin, June 30, ’73, in flower. 
Senecio lugens, Rich. Var. Parryi, Watson. Prairie near Turtle Mowiane 
; June 2, 74, in flower. : 
3 Senecio pibecéfoléen Lessing. Rocky Mountains, (6,500 feet), August 18, 74, in 
flower. 
Senecio Fremontii, T, and G. Rocky Mountains, (6,500 feet), August 18, ’74, in 
flower. 


Senecio triangularis, Hook. Rocky Mountains. Border of Mountain stream 6 000° 
feet), August 17, ’74, in flower. 


Senecio canus, Hook. White Mud River, (dry bank,) July 4, ’74, in flower. 
Senecio aureus, L. Dufferin, (open prairie,) June 13, ’73. South Fork Belly R. 


August 25,74. Kootanie Pass, Aug. 14, ’74, all in flower. Common every- i ‘ 
where in many varietal forms. - 
Solidago lanceolata, Ait. Lake of the Woods, August 18, 473, in flower, i 


Solidago tenuifolia, Pursh, ‘Turtle Mountain, (open prairie,) August 23, ’73. Wood. 
Mountain, (shore of saline lake,) July 20, 74. First branch Milk River, 
August 5, ’74, all in flower. Represents Solidago lanceolata on the dry open +f 

plains. Stems often many together from a woody caudex ; rarely attaining 
a height greater than 8 inches.  S. tenuifolia var. B. Hook. 


Solidago rigida, L. Turtle Mountain, (open prairie, ) August 11,’73. Fork Milk 
R. , September 11, ’74, both in flow er. 


Solidago virga-aurea, L. Turtle Mountain, Aug. 21, ’74, in flower. 


Solidago vii ga-aured, L. var. Alpina Bigel. ees Mountains, (7,000 feet, ,) Aug. 
18, ’74, in flower. 


Solidago Canadensis, L. Tur tle Mountain, August 5,73. Near E. Foxk Milk R., 
September 11, 74. First Branch Milk R. August 6, ’74, all in flower. 


Solidago serotina, Ait. Lake of the Woods, July 30, ’73, in flower. 


Solidago gigantea, Ait. Three Buttes, July 28, '74. Near Second Branch Milk 
River, Sept. 1,’74. Both in flower. 


Solidago Missouriensis, Nutt. Turtle Mountain (open prairie), July 23, ’73, in 
flower. 
Solidago stricta. Foot Hills of Rocky Mountains, Aug. 26, ’74, in flower. 


Solidago nemoralis, Ait. Wood End (open prairie), July 14, ’74, not yet in 
flower. Three Buttes, July 25, ’74, in flower. 


Stephanomeria minor, Nutt. Var. South of Wood Mountain (dry clay bank), 
June 29, ’74, in flower. Heads 5 flowered. Ligulate flowers pink-purple. 
‘ Pappus of about 23 plumose sete. 


Taraxacum dens-leonis, Duf. Dufferin, June 6, ’73, in flower. 
Vanthium strumarium, L. Lake of the Woods, Aug. 10, ’73, in flower. 
Vanthium echinatum, Murr. Banks of the Red River. Abundant. 


LOBELIACEA., 


Lobelia Kalmii, L. Height of land muskeg between Lake of Woods and Red 
River, Aug. 23, ’73, in flower. 


Lobelia spicata, Lam. Turtle Mountain (low, open prairie). July 26, '73, in 
flower. 


CAMPANULACE®. 
-otundifoli d River prairie, June 18, 73, in flower. Abundant, 
Campanula rotundifolia, lu. Red River prairie, June 18, 73, in flower. undant, 


Campanula aparinoides, Pursh. Winnepeg and N. W. Angle Road, July 4, 73. 
Lake of the Woods (grassy swamp), July 21, ’73. Both in flower. 
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’ ERICACE®. 
Andromeda polifolia, L. Lake of the Woods (submerged bog’). Height of land 
muskeg between Lake of Woods and Red River, Aug. 22, 73, in flower. 
Arctostaphylos uvia-ursi, Spring. Lake of the Woods, July 22, ’73, berry ripe. 
Pembina Mountain, May 23, ’74, in flower. Short Creek (dry banks) June 
10, 74, in flower. 

Cassandra calyculata, L. Lake of the Woods (submerged bog,) Aug. 12, 73, past 
flowering. . 

Gaultheria procumbeus, L. Lake of the Woods. 

Ledum latifolium, Ait. Winnipeg and N. W. Angle Road, July 5, ’73, past 
flowering. 

Menziesia glanduliflora, Hook. Rocky Mountains (7,000 feet), Aug. 18, ’74, in 
flower. Growing in matted clumps in little meadows frequented by moun- 
tain sheep. 


» Menziesia Grahamii, Hook. Rocky Mountains, Camp Akamina, (6,500 feet), Aug. 


18, ’74, in flower. 


_ Moneses uniflora, L. Winnipeg and N. W. Angle Road, July 5, ’73, in flower. 


Thick wood. 

Pyrola elliptica, Nutt. Lake of the Woods, July 25, °73, in flower. Woods east 
of Red River Valley. Turtle Mountain (thicket), July 27, ’73, in flower. 
Pyrola secunda, L. Lake of the Woods, July 9, 73, in flower. Winnipeg and N. 
W. Angle Road, July 4,’73, in flower. Kootanie Pass (thick woods), Aug. 

16, ’74, in flower. 


Pyrola rotundifolia, L. Var, inearnata, Fisch. Near Wood Mountain (wooded 


ravine), July 7, in flower. 
Pyrola asarifolia, Mx. Winnipeg and N. W. Angle Road, July 4, ’73. 


Vaccinium myrtilloides, Mx. Kootanie Pass (hill sides), Aug. 16, ’74, with ripe 
fruit. Leaves do not show any pubescence. 


MONOTROPE. 
Monotropa uniflora, L. Lake of the Woods (thick wood), Aug. 1, ’73, in flower. 


PLANTAGINACES. 
Plantago Major, L. Red River. 


Plantago eriopoda, Torr. Near Badger Creek (dry, open prairie), May 30, ’74, in 
flower. 


Plantago Patagonica. Var. gnaphaloides, Gray. Near Wood Mountain (dry hill 
sides:, June 30,’74. This plant was first met with at the place above men- 
tioned, but occurred in great abundance westward to beyond the Three 
Buttes, growing among the short grass of the dry plains. Large specimens 
measure 4 inches, The forty-ninth parallel is probably not its northern 
limit in the western interior region. Known in Texas, California, and 
Western Wisconsin (Watson). Also common on the barren plains of the 
Columbia (Douglas), which Hooker believes to be about its northern limit 
on the west coast. 

Plantago Biglorii, Gray. Traders’ Road (dried swamp, clayey soil), June 14, ’74, 
with ripe seed, 13 inches high. Known from Benica, California (Biglow), 
and in Salt Lake Valley, Utah (Watson). 

Plantago, Sp. 1. eriopoda, smooth var. 


Plantago, Sp. 11. eriopoda ? 


PRIMULACEZ. 


Androsace occidentalis, Pursh. Foot Pembina Mountain (open prairie), May 22, 
'74, in flower ; not exceeding 2 inches. 
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Androsace septentrionalis, L. Winnipeg and N. W: Angle Road, July 3, °73, 
past flowering, Near Badger Creek (prairie), May 18, 774. Prairie near eS 
Turtle Mountain, June 1,’74. Both in flower. thre 


Dodecantheon integrifolium, Mx. Near Turtle Mountain (open prairie), June 1, 74. 
N. Antler Creek (open prairie), June 6,’74. Both in flower. Also westward 
to the Rocky Mountains, 


Glaux maritima, L. Red River prairie, damp places in marshes, June 5, 20, ’73, 
in flower. Near Wood Mountain (borders of streams), June 30, 14, in 
flower 


Lysimachia ciliata, L. Red River prairie, June 28 and July 2, ’73, in kere: 
Turtle Mountain, July 15, in flower. Also Lake of the Woods. 


Naumbergia thyrsifolia, Moench. Red River prairie (marsh), June 19,’73. Lake 
of the Woods, July. Both in flower. 


Trientalis Americana, Pursh. Lake of the Woods, July 12, ’73, past flowering. 


LENTIBULAC. 


Utricularia vulgaris, L. Lake of the Woods, July 8, ’73. Swamp west of the 
White Mud River, July 12,’74. Both in flower. : 


OROBANCHACER. 
Orobanche, Sp. I. Wood End (open prairie), June 30, ’74, in flower. 


SCROPHULARIACE®. 
Castilleia coccinea, Spring. Yellow variety. Rising ground east of Red River, 
June 20, ’73, in flower. Red variety on Rainy River. Lake of the Woods. 


Castilleia sessiliflora, Ph. First crossing Souris River, (dry hill sides) June 3, ’74, 
in flower. 


Castilleia pallida, Kunth. Red and white var. Foot-hills of Rocky Mountains, 
August 8,74, in flower, abundant. Also found in the mountains between 
6,000 and 7 000 feet. 


Chelone glabra, L. Lake of the Woods, (swamp), July 31, ‘73, in flower. 
Gerardia purpurea, L. Lake of the Woods, August 18, ’73, in flower. 

Gratiola Virginiana, L. Red River (open swamp), July 28, ’73, still in flower. 
Gratiola Virginiana, var. Dufferin. June 12, 73, in flower. 

Mimulus ringens, L. South Antler Creek, July 31, 73, in flower. 


Mimulus Lewisti, Pursh. Kootanie Pass (border of stream), August 16, ’74, in 
flower. Observed growing in mossy places bordering streams, to 6,000 feet 
in the mountains, but no where very abundant. The recent plant has a 
musky odour. 


Mimulus luteus, L. West Butte (border of stream), July 29, ’74, in flower. Also 
observed near Second Branch Milk River, growing in the water of a spring 
at 46° F. 

Melampyrum Americanum, Mx. Lake of the Woods, July 8, ’73, in flower. 

Pedicularis Canadensis, L. Rising ground east of Red River Prairie, June 19, ’73, 
in flower. 

Pedicularis bracteosa, Benth. South Fork Belly River (dense wood), August 13, 
74, in flower, ; 

Pedicularis Sp. I. Rocky Mountains, (1,500 feet) August 18, ’74, in flower. 


Pentstemon pubescens, Soland. Lake of the Woods, July 22, '73, in flower; rare. 
Rising ground, east of Red River Prairie, June 20, ’73, in flower. Near 
Wood Mountain, (open prairie) June 29, ’74, in flower, 


Pentstemon glaucus, Grah. Souris River, June 8, ’74, in flower. 
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Pentstemon Menzieseii, Hook. Rocky Mountains, (6,000 feet) August 16, ’74, in 
flower. Found’ abundantly in one locality, growing among broken stone, 
on an exposed ridge. 


Pentstemon confertus, Dougl. Kootanie Pass., August 16, ’74, in flower 
Pentstemon procerus, Dougl. Traders’ Road, June 14,’74, in flower, LP. confertus 
var., cwruleo-purpureus, Grey, but apparently quite distinct from that species, 


Pentstemon acuminatus, Dougl. Near Short Creek, (dry banks) June 10, ’74, in 
flower. A variety with lower cauline leaves, broad, obcordate at the extrem- 
ity, with a minute tooth between the lobes. Upper cauline leaves amplex- 
icaul, cordate, obtuse, with a minute accumination. Flowers 8 lines, bright 
blue. 


Pentstemon dasyphyllus, Sp. 1. Kootanie Pass, August 16, '74, last blossoms. 


Rhinanthus Crista-galli. Foot Hills of Rocky Mountains, August 26, ‘74, still in 
flower. Also on the western side of the watershed in the Kootanie Pass. 


Veronica Americana, Schwein. Near Wood Mountain (swamp), July 4, '74, in 
flower. 
Veronica Alpina, L. Rocky Mountains (6,500 feet), August 18, 74, in flower. 
Veronica peregrina, L. Red River (open swamp), June 28, ’73, with ripe seed. 
Near Short Creek (open prairie swamp), June 10, ’74 in flower. 
VERBENACE. 
Verbena hastata, L. Lake of the Woods, July 25, ’73, in flower. 


LABIATA 


Brunella vulgaris, L. South Fork Belly River, August 25, ’74, in flower. Water- 
ton Lake, August 14, ’74, in flower. 


Galeopsis tetrahit, L. Turtle Mountain (thicket), July 25, ’73, in flower. 
Lycopus sinuatus, Benth. Lake of the Woods, July 18, ’73. 


Lycopus Virginicus, L. a of the Woods, July 8, August 7, ’73 in flower. 
West Butte, Aug. 2, 


Lophanthus anisatus, se Winnipeg and N. W. Angle Road, July 3,’73. Lake 
of the Woods, July 18,’73. Turtle Mountain, July 15, ’73. All in flower. 


Mentha Canadensis, L. Turtle Mountain, July 25, ’73, in flower. 


Monarda fistulosa, L. Turtle Mountain (open avait July 19, ’73, in flower, 
West Butte, ‘July 26, 74, in flower. 


Physostegia Virginiana, Benth. Turtle Mountain (swampy glades), August 11, 
73, in flower. 


Stachys palustris, L. Turtle Mountain, July 15,’73. Near Wood Mountain, July 
7,’74. Both in flower. 


Stachys aspera, Mx. Winnipeg and N. W. Angle Road, July 2, 73, in flower. Duf- 
‘ferin, September 3, ’73, still in flower. 


Scutellaria galericulata, L. Winnipeg and N. W. Angle Road, July 3, 73, im 
flower. 
BORRAGINACE®. 


Eritrichum glomeratum, D.C. Hill of the Murdered Scout, and westward, on dry, 
open prairie, June 9, 74, in flower. 


Eritrichum, Sp. 1. Near Short Creek (open prairie), June 10, 74, in flower. 


Echinospermum floribundum, Lehm. Red River, June 29,’73, in flower. Turtle 
Mountain (thicket), July 15,73, still in flower. Wood Mountain (thicket), 
June 24, 74, in flower. 

Echinospermum Lappula,Lehm. Red River (open prairie), June 28, July 3,’73, im 
flower. Abundant. Wood End, June 11,74, in flower. 
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Echinospermum patulum, Lehm, Red River (open prairie), Jane 28, July 3, "3, a 
still in flower. Abundant. Wood End, June 11, ’74, in flower. 


Lithospermum canescens, Lehm. Red River (open prairie), June 3,’73, in flower; 2 
June 21, '73, still in flower. Pembina Mountain, May 27, "4. first blossoms. 
Abundant. 


Lithospermum longiflorum, Spring. Souris Valley, June 3, ’73, in flower. _ Not 

abundant, ae 
Mertensia paniculata, Don. North Antler Creek, June 6,’74, in flower. Abondante ae 
Myosotis alpestris, Schmidt. Rocky Mountains (7,000), August 18, ’74, in flower. 


Onasmodium Virginicum, Alph, D.C. Turtle Mountain (thicket), July 23, ’73, in 
flower. 


Be) 
POLEMONIACES. ‘ ane 


Gilia minima, Gr. Near Wood Mountain, July 5,’74, in flower. 4 
Phix canescens, 'T. J. G. Long River (open prairie), May 29, ’74, almost past 
flowering. ia 
Phix pilosa, R. Red River prairie, June 29, 73. Traders’ Road, June 21, ’74, 
both in flower. 


CONVOLVULACEX. 


Calystegia sepium, Br. Lake of the Woods, July 8, 73. Turtle Mountain, 
July 13,775. Traders’ Road, July 18,’74. Near Wood Mountain, June 30, ’74, 
all in flower. On the third prairié steppe it oniy appears along the borders 
of streams in sheltered positions. 

Calystegia spithameus, Pursh. Red River prairie. Bare. 


Cuscuta Gronovii, Willd. Roseau River, August 25,’73, seed formed. st 


SOLANACES. ‘ ; 


Physalis viscosa, L. Winnipeg and N. W. Angle Road, July 4, ’73, in flower. 


Solanum triflorum, Nutt. var. B. Minor, Hook. South of Wood Mountain, July 
2,74, in flower. Not uncommon over a great part cf the second and third 
prairie steppes. Growing almost always in disturbed earth near the 
burrows of badgers and gophers. (As noted also by Drummond, Fl. Br.Am., 
p. 90.) 


Solanum triflorum, var. First crossing Souris River (low ground), June 3, ’74, in 
flower. Stems smooth; petioles of the leaves ciliate; the leaves them- 
selves sparingly hairy on the veins below. Above with close, short pubes- 
cence ; Calyx foliaceous, lobes oblong & utc, excecding the petals, which are 
lavender or pale purple. 


GENTIANACEA. 
Gentiana crinita, Frelich. Roseau River, August 26, ’73; (banks of sic in . 
flower. | 
Gentiana dentosa, L. South Fork Belly River, (low ground and thicket), Ana 
15, ’74, in flower. - 
Gentiana Andrewsii, Griscb, Dufferin, September 1, ’73, in flower. | 
Gentiana puberula, Mx. Prairie west of Red River, September, ’73, in flower. 
Gentiana Menziesii, Griseb. Rocky Mountains. Camp Akamina, (6,000 feet), . | 
August 18, ’74, in flower. 


Grentiana acuta, Mx. Turtle Mountain, (open prairie), August 12, ’73, in flower. . 
Near White Mud River, (open prairie), July 11, 74, in flower. South Fork ee 
Belly River, August 15, 74, in flower. Kootanie Pass, August 14, 74, in 
flower. 
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Gentiana, Sp. I. Near White Mud River, (valley), September 15,’74. Also prob- 
ably the same species west Souris, (open prairie), not common, August 11, 
73, in flower, and in the same vicinity still flowering first week September. 


Gentiana, Sp. II. South Fork Belly River, (thicket), August 15, 74, in flower. 
Halonia deflexa, Griseb. Lake of the Woods, July 21, ’73, in flower. 


APOCYNACEX. 
Apocynum androsemifolium, L. Dufferin (thicket), June 29, ’73, in flower. 
Apocynum cannabinum, L. var. glaberrinum, D. C. Near Wood Mountain (border 
of stream), July 2, ’74, in flower. 
ASCLEPIADACE. 
Asclepias incarnata, L. Lake of the Woods, July 18, ’73, in flower. 


Asclepias variegata, L. var. minor, Hook. Red River (open prairie), June 20, ’73, in 
flower. 


Asclepias ovalifolia, J. C. Pembina Mountain (open prairie), July 4,’73, in flower. 
Asclepias viridiflora, Ell. Wood End, July 1, ’74, in flower. 


Asclepias speciasa, Torr. Near Wood Mountain (border of stream), July 5, ’74, in 
flower. 


ARISTOLOCHIACER. 
Asarum canadense, L. Pembina Mountain (thicket), May 22, 74, in flower. 


NYCTAGINACEX, 


Ozybaphus nyctagineus, Sweet. Lake of the Woods (sandy ridges of southern 
shore), July 11, ’73, in flower, but with ripe seed. Wood End, June 30, ’74, 


in flower. 
CHENOPODIACE®. 
Blitum capitatum, L. Winnipeg and N. W. Angle Road, July 4, ’72, in 
flower. 
Blitum “a Henricus, Reichenb. Lake of the Woods, August 3,’73, with ripe 
secd, 


Chencpodium album, L. Lake of the Woods, August 3,’73,in flower. Lake of the 
Woods, mouth of Reed River. Lake of the Woods, August 6, ’73, in flower. 
Milk River, (dry clay flat.) Near Wood Mountain, June 30, ’74, in flower. 
Wood End, July 14, ’74, first blossoms. South of Wood Mountain (clay 
bottomed valley) June 27, ’74, in flower. White Mud River, clayey, sub- 
saline soil, July 11, ’74, not yet in flower. 345 mile Point, and growing 
abundantly in saline soil, from the Souris River westward. Second branch 

- Milk River, (dry clay bank) September 1, ’74, with ripe seed. Border of 
Saline Lake. Near Wood Mountain, bank of saline pool. South of Wood 
Mountain, (clay bottomed valley) June 27, ’74, in flower. South of Wood 
Mountain, (open prairie) June 30, ’74, with ripe seed. 


Sarcobatus vermiculatus, Torr. Porcupine Creek and westward, but not to the 
Rocky Mountains. Near Wood Mountain, June 27, ’74, in flower. Grows 
in dry, clay-bottomed valleys, with saline soil, and is probably near its. 
northern limit on Lat. 49°. Is the “ grease wood” of western parlance, though 
I believe Obtone canescens is also sometimes so called. 

Salicornia herbacea, L. Fringing saline pools and lakes wherever they occur, 
but specially abundant in the broken country of the Missouri Coteau. 


AMARANTACER. 
Amarantus retroflerus, L. Lake of the Woods, August 2, ’73, with ripe seed. 


PARONYCHIEA. 


Paronychia sessiliflora, Nutt. White Mud River (dry bank), July 4, 74, im 
flower. 360 Mile Point, September, ’73, past flowering, 
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POLYGONACER. 
Eriogonum erassifolium, Benth. Wood End, (gravelly hill), June 24, ’74, in flower. 
Eriogonum, Sp. II. Trader’s Road, (dry rocky hill), June 17, ’74, first blossoms. 
Eriogonum, Sp. III. South of Wood Mountain, (dry, clay-bottomed Valley), Jun 
27,74, in flower. 
Eriogonum, Sp. IV. Great Valley, (dry clay banks), September, ’73, in flower. 
Eriogonum, Sp. V. Rocky Mountains, (6,000 feet), August 16, ’74, in flower. 
Oxyra digyna, Campd. Rocky Mountains, (6,500 feet), Aug. 18, 4, past flowering. 
Polygonum amphibium, L. var. terrestre. Lake of the Woods, July 21,73, in 


flower, Traders’ Road, July 15,’74, in flower. Var. aguaticum. Winnipeg 
and N. W. Angle Rd., July 5, ’73, in flower. 


Polygonum hydropiperoides, Mx. Lake of the Wocds, July 10, 73, in flower. 
Polygonum Pennsylvanicum, L. Lake of the Woods, July 8, 73, in flower. 


Polygonum dumetorum, L, Winnipeg and N. W. Angle Road, July 3, 73. Turtle 
Mountain, July 25, both in flower. 

sido cilinode, Mx. Winnipeg and N. W. Angle Rd., July 5, ’73, with ripe 
seed. 


Polygonum tenue, Mx. Lake of the Woods, July 23,73, in flower. Foot Hills of 
the Rocky Mountains, (damp meadow) August 7,’"4, in flower. 


Polygonum aviculare, L. Near Wood Mountain, (clay bank) July 2, 74, in flower. 


Polygonum aviculare, L., var. erectum, Roth. West Butte, (coulée) July 25, 74, in 
flower. 


Rumex salicifolius, Weinm. Red River, June 28, ’73,in flower. South of Wood 
Mountain, June 27, ’74, seed formed. 


Rumex venosus, Pursh. South of Wood Mountrain, (bank of stream) June 27, 74, 
with ripe seed. 


Rumex, Sp. I. Rocky Mountains, (6,500 feet) August 18, ’74. 


ELZAGNACEX, 


Elzagnus argentea, Pursh. Dufferin, June 13, ’73, in flower. Second crossing 
Souris River, June 8, ’74, in flower. South Fork Belly River, August 15, 
berry fully formed. Extends on the forty-ninth parallel, from the extreme 
eastern edge of the prairie to the base of the Rocky Mountains It is not 
common on the Red River Prairie, but frequent on the higher level prairie 
to the east, and abundant westward, especially on the second prairie level, 
forming scattered clumps, where no other shrubs are seen. The plant on 
the plains rarely attains a height of over two to three feet, but near the 
mountains is a large bush, extremely fragrant. 


Shepherdia argentea, Nutt. White Mud River, July 4, ’74, berries half grown. 
Not observed east of Wood Mountain. 


Shepherdia Canadensis, Nutt. Kootanie Pass. August 14, ’74, berries ripe. 


SANTALACEX. 


Comandra umbellata, Nutt. Dufferin (open prairie), June 5, ’73, in flower. Abun- 
dant Garry and N. W. Angle Road, July 3, ’73, past flowering. 


Comandra pallida, D.C. Prairie near Turtle Mountain, June 1, ’74, first blos- 
soms. The first species seems to pass into this form westward. 
EUPHORBIACEA. 


Euphorbia glyptosperma, Engim. South of Wood Mountain (dry clay bank), July 
2, '74, in flower. 
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URTICACEX, 


Humulus lupulus, L. Lake of the Woods. Dufferin. Turtle Mountain, July 5 
73, in flower. 
Laportea Canadensis, Gaudich. Roseau River (woods). 
_Ulmus Americana, L. Dufferin, May 8, ’74, in flower. 
Urtica gracilis, Ait. Turtle Mountain, July 15, ’73, in flower. Wood Mountain 
(thicket), June 23, ’74, in flower. 
CUPULIFERZ. 


Corylus Americana, Walt. Dufferin, May 8, '74, in flower. 


_ Quercus macrocarpa, Mx. Var. Turtle Mountain, June 1, '74, in flower. This is 
the common oak in the Red River country, and attains a good size along the 
streams and in sheltered localities. The fruit, however, is much smaller 
than typical macrocarpa. Acorn 9 lines long by 6 lines broad; cup 7 to 8 
lines broad, 5 lines deep. This is probably the species which Bourgeau re- 
ferred to Q. obtusiloba, Mx. (Palliser Expl. B. N. Am.,) but which Gray, in an 
appendix to the report, calls Q. macrocarpa. 


SALICACEA. 


Populus tremuloides, Mx Dufferin, May 8,’74, in flower. The most abundant 
poplar in the eastern prairie region, attaining along the Red River generally 
a height of 30 to 40 feet. 

Populus monilifera, Ait. South Fork Belly River and St. Mary River, attain- 
ing a large size. 

Populus balsamifera, L. var. candicans, Ait. Milk River, growing along the 
border of the stream. 

Saliz nigra, Marshall. Dufferin, June 10, ’73, past flowering. Second crossing 
Souris River, June 8, 74, in flower. Turtle Mountain. 

Saliz, Sp. II. Dufferin, June 6, ’73, in flower. 

Saliz, Sp. III. Dufferin, June 4, ’74, past flowering. 

Saliz, Sp IV. Dufferin, May 8, ’74, in flower. 

Saliz, Sp. V. Dufferin, May 8, '74, in flower. 

Saliz, Sp. VI. Dufferin, May 8, ’74, in flower.: 

Salix,Sp VII. Dufferin, May 8, ’74, in flower. 

Saliz, Sp. VIII. Dufferin, May 8, '74, in flower, 

Salix, Sp. 1X. Dufferin, May 8, ’74, in flower. 

Saliz,Sp.X Dufferin, May 8,’74, in flower. 

Saliz, Sp. XI. Rocky Mountains (6,500 feet), August 18, 74, with ripe seed. 


CONIFERZ. 


Abies Douglassi, Lind. Rocky Mountains, near Waterton Lake, east slope, not 
attaining a large size. 

Abies Englemani,a tree of large growth probably this species, forming dense 
groves in retired vallies ata height of 6,000 to 7,000 feet in the Rocky Moun- 
tains. 

Abies Alba, Michx, Lake of the Woods. 

Abies nigra, Poir. Lake of the Woods, 

Abies balsamea, Marshall. Lake of the Woods. 

Lariz Americana, Michx. Lake of the Woods, 

Pinus Banksiana, Lambert. Winnipeg and N, W. Angle Road and Lake of the 
Woods. 
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Pinus Resinosa, Ait. Lake of the Woods. 

Thuja occidentalis, L. Lake of the Woods, Roseau River, &c. 
Juniperus Virginiana, L var. procumbeus, Hook. Lake of the Woods. 
Pinus contorta, Dougl. var. latifolia, Eng. Kootanie Pass. Very abundant. 





ARACEZ, 

Acorus Calamus, L. Lake of the Woods. 

Arisema triphyllum, Torr. Dufferin, July 6, ’73, in flower. 

Calla palustris, L. Winnipeg and N, W. Angle Road, July 5, ’73, in flower. 


TYPHACER. 
Sparganium eurycarpum, Eng. Lake of the Woods, August 5, ’73, in fruit. 
Sparganium natans, L, Lake of the Woods, August 1, ’73, in flower. 

. Typha latifolia, L. Lake of the Woods. 


LEMNACEAL. 
Lemna trisulca, L. Small lakes. Red River prairie. Lake of the Woods. 
Lemna minor, L. Common in the same localities. 


NAIADACES. 
Potamogeton pusillus, L. Lake of the Woods, July 8, ’73, in flower. 
Potamogeton natans, L. Lake of the Woods, August 1, ’73, in flower. 
Potamogeton perfoliatus, L. Lake of the Woods, July 8, ’73, in flower. 


ALISMACEA. 


Alisma plantago, L. Winnipeg and N. W. Angle Road, July 4, '73. Turtle 
Mountain, July 25, ’73, both in flower. 


Sagittaria variabilis, Eng. Lake of the Woods, July 30, ’73. S. Antler Creek, 
July 31,’73. Wood End, July 13,’74. All in flower. . 


Triglochin maritimum, L. Near Wood Mountain, border of saline pool, July 9, 
'74, in flower. 


Triglochin palustre, L. Var. elatum, Nutt. Winnipeg and N. W. Angle Road. 


ORCHIDACEA, 


Calopogon pulchellus, Brown. Winnipeg and N. W. Angle Road, July 5, ’73, in 
flower. 


Cypripedium pubescens, L. Dufferin, June 13, ’73, in flower. 
Platanthera hyperborea, Lindl. Lake of the Woods, thicket, July 8, ’73, in flower. 


Platanthera psycodes, Gray. Lake of the Woods (grassy swamps), July 20, ’73, in 
flower. 


Platanthera bracteata, Torr. Eastern border of Red River prairie, June 20, '73, in 
flower. Pembina Mountain, May 27, ’74, first blossoms. 


Spiranthes cernua, Richard. Lake of the Woods, July 20, ’73, in flower, 


AMARYLLIDACE. 
Hypozis crecta, L. Dufferin (damp meadow), June 13, ’73, first flowers. North 
Antler Creek (open prairie), June 6, ’74, first flowers. 
IRIDACEA. 
Tris versicolor, L. Winnipeg and N. W. Angle Road, July 3, ’73, in flower. 


Sisyrinchium mucronatum, Mx. Red River prairie, June ’73. First crossing Souris 
River, June 3, ’74, in flower. 
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LILIACE2. 
Allium cernuum, Roth. Lake of the Woods, July 6, ’13, in flower. West Butte, 
July 26, ’>4, in flower. 


Allium reticulatum, Frazer. Near Badger Creek, (dry hill sides), May 30, ’74, in 
flower. 


Allium, Sp. I. South Fork Belly River, August 13, 74, in flower 
Lilium Philadelphicum, L Red River, June 21, ’73, in flower. Abundant, 


Lilium Philadelphicum, L, var. Near Turtle Mountain, (open prairie), July 15, 
73, in flower. Probably an albino, petals pale yellow, not spotted; more 
narrowly lanceolate, and with longer claws. Rare. 

Polygonatum giganteum, Dietrich. Dufferin, (thicket), June 22, ’73, in flower. 

Smilacina stellata, Desf. Dufferin, (thicket), June 2, '73, in flower. Pembina 


Mountain, (thicket), May 27, ’74, first blossoms. 
Smilacina bifolia, Ker. Dufferin, June 7, ’73, in flower. 


MELANTHACE. 
Tofieldia glutinosa, Willd. Rocky Mountains, (6,000 feet), August 17,’74, past 
flowering. 


Veratrum album, var. Escholtziit, Gray. Foot Hills Rocky Mountains, August 7, 
’74, still in flower. 


Xerophyllum tenaz, Pursh. Rocky Mountains, (6,000 feet), still in flower. Abundant 
and past flowering at this date in the lower vallies. The leaves forming a 
coarse matted soil in some upland meadows. 


Zygadenus glaucus, Nutt. Near Turtle Mountain, (open prairie), June 10, ’73, in 
flower. 


EQUISETACE. 
Equisetum arvense, L. Dufferin, June 10, ’73. Late specimens springing up on 
banks emerging from flood. 
Equisetum limosum, L. Lake of the Woods. / 
Equisetum levigatum, Brown. Red River. 
Equisetum hyemale, L. Souris River. 


( FILICES. 
Aspidium Lonchitis, Swartz. Rocky Mountains (6,500 feet), August 8, ’74. 
Spores not ripe. 
Aspidium spinulosum, Willd. Lake of the Woods. 
Botrychium Virginicum, L. Woods on Roseau River. 


Botrychium lunarioides, Swartz. Lake of the Woods at mouth of Rainy River, 
July 19, ’73, spores not ripe. 


Cystopteris bulbifera, Bernh. Lake of the Woods. 
Cystopteris fragilis, Bernh. Near Short Creek. Rocky Mountains (6,600 feet.) 


Ophioglossum vulgatum, L. Lake of the Woods at mouth of Rainy River, July 19, 
’73, spores not ripe. 


Onoclea sensibilis, L. Lake of the Woods, July 30, '73, spores not ripe. 
Polypodium Dryopteris, L. Winnipeg and N. W. Angle Road. 
Polypodium vulgare, L. Lake of the Woods, July 6,'73, spores not ripe, 
Woodsia ilvensis, R. Br, Lake of the Woods, 
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LYCOPODIACE®. 


Lycopodium complanatum, L. Lake of the Woods. 
Lycopodium lucidulum, Mx. Lake of the Woods. 


Selaginella rupestris, L. Lake of the Woods also westward, growing among 
stunted grass on exposed hillsides, on the third prairie steppe. 


Juncacee, Cyperacee and Graminee, determined by Professor John Macoun. 


JUNCACEH. 
Junceus alpinus, var. insignis, Fries. Lake of the Woods, (boggy shore) Garry and 
North-west Angle Road, 
Junceus acuminatus, Michx. First branch Milk River, (river margin.) / 
Junceus xiphioides, E, Mayer. Var montanus, Engl. South Fork Belly River, 


Junceus Balthicus, Willd. Dufferin and Red River country generally, (damp, open 
prairie.) North Antler Creek and prairie generally, (damp ground. ) 


Junceus Balthicus, var, montanus, Engl. Lake of the Woods, 
Junceus Nodosus, LL? Garry and N. W. Angle Road. 
Junceus Mertensianus, Boug. Rocky Mountains, Canip Akamina, 6,000 feet, (wet 


ground) August 17,’74, in flower. Kootanie Pass, (border of stream) August 


17, past flowering. 


Luzula parviflora, var, melanocarpa, Desr. Rocky Mountains. Camp Akamina. 


CYPERACEX., 


Carex aperta, Boott. North Antler Creek, (low ground), June 6, ’74, in flower, 
Carex lanuginosa, Michx, Dufferin, June 7, ’73, in flower. 


Carex longirostris, Torr. Souris River, (valley, damp ground), June 3, ’74, past 
flowering, 


Carex riparia, Curtis, Lake of the Woods, (sandy swamp), July 9,'73, past flowering, 
Carex polytrichoides, Muhl. Winnipeg and N. W. Angle Road, (thick wood). ~ 

Carex scirpoidea, Michx. Between Badger Creek and Turtle Mountain, (swamp). 
Carex supina, Wahl. Red River, (open prairie swamp), June 19,’73, past owering. 


Carex atrata, L. Rocky Mountains, Camp Akamina, (damp wood), August 17, ’74, 
in flower. 


Carex festiva, Dewey. White Mud River, (open prairie swamp), July 10, 74, past 
flowering. 


Carex aurea, Nutt. Lake of the Woods, (thicket), July 8,’73, seed nearly ripe. 
Rocky Mountains, Kootanie Pass, (border of stream), 


Carex straminea, Wahl, Dufferin, (damp prairie), June 7,73, flowering, Winnipeg 
and N. W. Angle Road, July 4, ’73. Turtle Mountain, (low open prairie), 
July 26, ’72. 


Carex Richardsoni, R. Br. Souris Valley, 

Carex alopecoidea, Tucker, Turtle Mountain, (low, open prairie.) 

Carex pscudo-cyperus, L, Lake of the Woods, (marsh.) 

Carex lupulina? Muhl. Winnipeg to N. W. Angle Road, 

Carex rigidu, Good. Rocky Mountains, (summits) August 17, ’74, in flower, 
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Carex Douglassii, Hook. Red River, (open prairie) May 20, ’74, in flower; also, 
other specimens, probably belonging to this species, June 3 and 5,’73. This 
is the first Carex to appear in flower, and occurs very abundantly all over 
the prairie of the Red River. 


Carex marcida, Boott. Red River, (open prairie swamp) June 20, '73, past flow- 
ering ; other specimens, probably this species, in flower, June 3. 


Carex ampulacea, or atriculata, Red River, (prairie) June 20,’73, in flower. Sim- 
ilar Carex, immature, Souris Valley, June 3, ’74. 


Carex stricta? Lam. Red River, June 28, ’73, in flower. 

Carex rosea, Schk. Red River, (swamp.) 

Carez siccata, Dew. 

Carex stenophylla, Wahl. 

Eliocharis palustris, R. Br. Dufferin (damp, open prairie). Souris River (open 
prairie). 

Eliocharis acicularis, R. Br. Red River (open prairie swamp). Lake of. the 
Woods (boggy shore). 


Eriophorum latifolium. Between Badger Creek and Turtle Mountain (swamp), 
May 31, ‘74, in flower. 


Eriophorum polystachyum, L. Winnipeg and N. W. Angle Road. 


Scirpus maritimus, L. Saline Lake, near Turtle Mountain, September, ’73, in 
flower. 


Scirpus eriophorum, Michx. Winnipeg and N. W. Angle Road (swamp). Lake 
of the Woods (in water). 


Scirpus validus, Vahl. Winnipeg and N. W. Angle Road. Traders’ Road. 


GRAMINE. 


Agrostis scabra, Willd. Lake of the Woods. July, ’73, immature. 


Alopecurus alpinus, Smith. Garry and N. W. Angle Road (damp ground), July 
3,73, in flower. 


Andropogon furcatus, Muhl. Turtle Mountain (open prairie), August 11, ’73, in 
flower. Lake of the Woods (dry rocky soil), July 20, 73, in flower. South 
Antler Creek, August 1, ’:3, in flower. 

Andropogon scoparius, Michx, Souris River (dry bank), August 24, ’74, seed shed, 


Avena striata, Michx. Winnipeg and N. W. Angle Road (dry sandy soil), July 4, 
73, seed formed 


Beckmannia cruciformis, Hart. West Fork Milk River, July 18,’74, past flowering 


Boutelona oligostachya, Torr. Turtle Mountain and westward to St. Mary’s River. 
Common everywhere on the dry plains, forming a close, short sod where 
other grasses hardly grow. 


Bromus ciliatus, L. Lake of the Woods South Branch Belly River (flat), August 
13, ’74, seed formed. 


Catabrosa aquatica, Beaur. Near Woody Mountain, July 7, ’74, in flower. 


Dauthonia spicata, Beaur, Lake of the Woods (dry rocky soil), July 25, seed per- 
fected. 


Elymus Canadensis, L. Wood End (clay bank), July 13,’73, in flower. Turtle 
Mountain (thicket), July 25, '73, in flower. 


Elymus Canadensis, var. glaucifolius. Lake of the Woods (sandy shore), July 7, ’73, 
in flower. 


Elymus Virginicus, L Roseau River, (river banks). 
Ericoma cuspidata, Nutt. White Mud River, (dry bank), July 4, ’74, seed perfected. 
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Festuca ovina, L. Red River, (open prairie), 

Festuca borealis? Mert. Lake of the Woods, (in water), July 20,’73, seed perfected. 

Glyceria nervata? Trin. Winnipeg and N.W. Angle Road, July 4, ’%3, past flower- 
ing. Dufferin, (open prairie) 


ITierochloa borealis, Roem & Schultes. Red River, (open prairie’, Foot Pembina 
Mountain, May 22,’74, in flower. Dufferin, (open prairie), June 3, '%3, in 
flower. 


Hordeum jubatum,L Red River Prairie generally. 


Koeleria cristata, Pers. Dufferin, June 25, ’73, in flower. Traders’ Road, June 19, 
74, in flower. 


Lepturus paniculatus, Nutt. Near Wood Mountain, ; barren prairie). 
Panicum pauciflorum, Ell. Red River, (swampy prairie), June 21, ’73, in flower, 


Phaleris arundinacea, L. Red River, (open prairie), June 19, 73, immature. Lake 
of the Woods, (shore), July 9, ’73, seed mature. 


Phragmites communis, Trin. Roseau grass. Lake of the Woods, Roseau Lake, 
&c. Very common. Borders of pools, Red River prairie. Also on the 
Souris River. 


Phleum alpinum, L. Rocky Mountains (6,000 feet), Aug. 18, ’74, in flower. 

Poa pratensis, L. Dufferin (open prairie), June 10, ’73, immature. 

Poa alpina, L. Rocky Mountains (6,000 feet). 

Poa cesia, Smith. Var. strictior. Red River. Near Woody Mountain (open 
prairie). 

Poa flecuosa®”Muhl? Red River (open prairie), June 20, 73, in flower. 


Spartina gracilis, Roth. Near Wood Mountain (bank of stream), June 30, ’74, 
in flower. 


Spartina cynosuroides, Willd. East Souris (low ground), 2 to 4 feet, July 30, ’73, 
in flower. Winnipeg and N. W. Angle Road, July 3, ’73. 


Stipa spartina, Trin. Pembina Mountain (open prairie), June 30, 73, seed per- 
fected. Garry and N. W. Angle Road (prairie), July 3, 73, seed perfected. 


Stipa viridula, Trin. White Mud River (bottom land), July 3, ’74, seed perfected. 
Wood End, July 30, ’74 seed perfected. 


Triticum repens, L. Var. Lake of the Woods (sandy shore). 


Triticum strigosum, Stend. Wood End (bank), July 30, ’74, in flower. Near 
Wood Mountain (clayey valley), June 27, ’74, in flower. 


Zrizania aquatica, L. Lake of the Woods (in water), August 18, ’73, in flower. 
Trisetum? Red River. (Open prairie.) 

Festuca? Red River. (Open prairie.) 

E. Fork Milk River. (valley of creek.) 

Rocky Mountains. 6,000 feet. 

Nr. Wood Mountain. (Edge of saline pool.) 











Mosses, Lichens, &c., determined by George Barnston, Esq. 


MUSCI. 
Funaria hygrometrica, Hedw. Dufferin. 
Bryum cernuum, Hedw. Rising ground east of Red River prairie 
Bryum cernuum, Hedw ? Lake of the Woods, 
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Dicranum undulatum, Turner. Lake of the Woods. . 
Polytrichum commune, L. Lake of the Woods. 


Polytrichum piliferum, Schreber. Winnipeg and N. W. Angle Road. Lake of the 
Woods. 


Ceratodon purpureus, Brid. Lake of the Woods. 

Neckera pennata, Hedw. Lake of the Woods. 

Pylaszxa intricata, Br. Eur. Lake of the Woods. 

Climacium Americanum, Brid. Lake of the Woods. 

Mnium spinulosum, Br. Eur. (broad leaved variety). Lake of the Woods. 
Mnium rostratum Schweg ? Lake of the Woods. 

Mnium affine, Bland. Lake of the Woods. - 

Hypnum serpens L? (a variety with short capsules). Lake of the Woods. 


- HEPATIC, 


Marchantia polymorpha, L. Winnipeg and N. W. Angle Road. 


LICHENES. 


Umbilicaria Dillenii. Lake of the Woods. 
Madotheca platyphylla. Lake of the Woods. 
Peltigera aphthosa, Hoffm. Lake of the Woods. 
Platysma? Lake of the Woods. 

Cladocera cristatella, Tuck. Lake of the Woods. 
Cladocera gracilis, Fr. Lake of the Woods. 
Cladocera furcata, Hoffm? Lake of the Woods. 
Cladocera rangiferina, Hoffm? Lake of the Woods. 
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MICROSCOPIC STRUCTURE OF WOODS—LIGNITE TERTIARY. 


(a), Tangential Sections. 








PLATE XY. 


Figure 2. 


(4), Radial Sections. 
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Figure 4. 
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FOSSIL PLANTS._ LIGNITE TERTIARY 
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Figure 1.— Various forms of Coccoliths (a) and Rhabdo- 
liths (b) from the Cretaceous of Boyne River, Man., (§ 182.) 
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Figure 2.—Faraminifera from the Cretaceous of Poyne River, Man. (§ 1£0) 
a. Textularia globulesa, Ehr. 0. Textularia pygmaa, D’C1b. c. Flanorbulina 
ariminensis D’Orb, 
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Figure 1—Pembina Escarpment and West Butte. (§ 187-310.) 
: 





Figure 2—Pembina River. (§ 190.) 





Figure 3—Pembina River. (§ 190.) 


FISH SCALES FROM THE PEMBINA MOUNTAIN GROUP AND CRETACEOUS NO. 4. 
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SECT. 5. EASTERN RANGE ROCKY M*S _ Looking North. 
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